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1Execut i ve summary
The paper presents empirical tests of an international Capital Asset Pric-
ing Model (CAPM). The aim is to evaluate to what extent a chosen condi-
tional multivariate international CAPM can explain stock and government
bond returns in the US, Japan and Europe over the last 10 to 15 years,
and whether the model can be usefully employed in global tactical asset
allocation.
The theoretical starting point is the international CAPM of Adler and
Dumas (1983). Time varying expectations, or conditionality, is introduced
by means of a multivariate GARCH(1,1)-in-mean speciﬁcation, and by al-
lowing for time varying risk aversion. The additional assumption that local
inﬂation rates are zero or deterministic reduces inﬂation risk premia to cur-
rency risk premia, as in Solnik (1974) and Sercu (1980). The underlying
assumptions of the model are the standard CAPM assumptions of rational
and fully informed utility-maximizing investors with zero labour income,
trading in a world without frictions such as transaction costs, information
costs, or taxes. In an international setting this implies complete ﬁnancial
market integration. Investors, who are thus free to optimally diversify their
investments internationally, care about their purchasing power, and there-
fore deﬂate their asset returns by the local price index. This creates het-
erogeneity in expectations, in contrast to homogeneity in domestic CAPM.
Diﬀerent national investors will thus hold diﬀerent optimal portfolios.
Earlier literature on estimation of the international CAPM generally
rules out simple single-factor extensions of the domestic CAPM of Sharpe
and Lintner, whereby the domestic market portfolio is simply replaced by
the World market portfolio of stocks. Empirical work has thus shifted to
multi-factor models, such as the international CAPM which also prices ex-
change rate risk, or, more generally, inﬂation risk, in the case when local
inﬂation rates are stochastic or unpredictable. Some of these tests seem
to provide support for the international CAPM with currency risk; work
by Dumas and Solnik (1995) and De Santis and Gerard (1998) are notable
examples. Others, however, identify discrepencies between data and model
predictions; in a paper from this year, Dahlquist and Sallstrom, who use
GMM estsimation, ﬁnd positive and signiﬁcant intercept terms, which is
indicative of missing factors. These somewhat divergant results may be at-
tributed to diﬀerences in estimation methodology and model speciﬁcation,
notably of the conditioning information, as well as of time period and asset
coverage, deﬁnition of the World market portfolio, and inference criteria.
In an attempt to clarify the issue, this paper confronts the model with
1data from January 1993 to October 2001, and introduce some alternative
estimation techniques. The estimation is based on weekly data on stock and
government bond index returns, exchange rates and 1-week interest rates.
Although the period covered and the sampling frequency are mainly dictated
by data availability and the need for suﬃcient degrees of freedom, it seems
appropriate to concentrate the study on a recent period characterized by
deepening ﬁnancial market integration. Most other analyses of the interna-
tional CAPM are based on monthly data, and go further back in time. The
principal contributions of this paper to the existing literature on the sub-
ject are: i) It introduces government bonds in the pricing equations and in
the World market portfolio, and thus boost the market capitalization of the
World market portfolio by 24-62%; ii) It explores diﬀerent models for the
global risk aversion during the 1990’s; and iii) It evaluates the out-of-sample
optimal portfolio performance of various model speciﬁcations. In brief, the
paper suggests that the ability of the conditional international CAPM to
explain global stock and bond returns may vary over time, as the price of
market risk is signiﬁcant only up to early 1998.
More speciﬁcally, the paper adds US, Japanese and European govern-
ment bonds to the conditional international CAPM analysis. The bonds are
included both in the pricing equations and in the World market portfolio of
risky assets. There are three major motivations for including government
bonds: i) By including bonds one addresses Roll’s (1977) well known cri-
tique of CAPM estimation based on a too narrow deﬁnition of the market
portfolio. Roll argues that a correct and unambiguous test of the CAPM
must include all wealth in the market portfolio. If Roll is correct, a more
inclusive deﬁnition should render the inferences more robust; ii)I ti si n -
teresting to measure the potential inference sensitivity to the exclusion or
inclusion of bonds in an international context. In a classic paper from 1982,
Stambaugh measures the inference sensitivity to the exclusion of several as-
set classes, among them bonds, within a domestic (US) CAPM. He ﬁnds
that the inferences are in fact insensitive to the exclusion of assets from
the US market portfolio. On the other hand, he shows that inferences are
sensitive to the set of assets used in the pricing equations. The paper pre-
sented here tests, in an international setting, the inference sensitivity to the
content of the World market portfolio, as well as to the asset classes in the
pricing equations. Inferences are generally found to be robust to the ex-
clusion of government bonds. Moreover, speciﬁcation tests of the residuals
suggest that government bonds do neither better nor worse than stocks, a
result that provides empirical support for their inclusion; iii) The inclusion
of bonds could potentially add value to global tactical asset management,
through diversiﬁcation beneﬁts, provided that the model provides a reason-
2able description of return distributions. The paper tests the out-of-sample
optimal portfolio performance with and without government bonds. As it
turns out, the performance is not signiﬁcantly aﬀected by the inclusion of
bonds.
Furthermore, the paper evaluates four diﬀerent models for the global
average risk aversion. The paper considers several business-cycle related
explanatory variables, and allows for a structural change. In an attempt
to address the intrinsic arbitrariness of exogenous explanatory variables, an
endogenous model is also considered. The global average risk aversion is
found to vary strongly over time. It seems to have fallen in early 1998, for
instance, despite the continuing turmoil in Asian markets.
Finally, the paper investigates the optimal portfolio implied by the con-
ditional international CAPM. When local inﬂation is zero or deterministic,
the international CAPM postulates that all investors hold the same port-
folio of risky assets, the so-called universal log portfolio. Interestingly, the
conditional international CAPM is found to capture the observed World
market portfolio weights of stocks and government bonds, in terms of levels
and trends. On the other hand, the home bias seen in international capi-
tal markets undermines the notion of a unique, universally held portfolio of
risky assets. Hence, the approximate agreement is at the aggregate World
market portfolio level, and not at the national market portfolio level. The
results suggest that the World market portfolio of stocks and government
bonds is not too far from being optimal in the international CAPM sense,
despite the fact that national market portfolios are far from optimal. As for
the log portfolio performance out-of-sample, the paper calculates the weekly
realized log portfolio return during a 36-week out-of-sample period. The cor-
responding return index is compared with the return on a "Buy & Hold"
strategy. The realized log portfolio return is found to be substantially lower
than the World market portfolio return, irrespective of model speciﬁcation.
The underperformance is mostly caused by large speculative currency over-
lay positions, which imply big bets not only on currencies, but also on stocks
and bonds. These results show that none of the model speciﬁcations pro-
vide an adequate description of the true process governing conditional asset
allocation decisions in integrated capital markets. The ﬁndings appear to
favor a passive investment strategy (buy & hold the market) over an active
strategy based on international CAPM forecasts. Transaction costs related
to holding a portfolio which deviates from the World market portfolio, not
accounted for in the analysis, reinforces this result.
31 Introduction
There is a growing literature on international asset pricing using diﬀerent
speciﬁcations of an international Capital Asset Pricing Model (CAPM). The
early literature, going backto Stehle (1977) and followed by Jorion and
Schwartz (1986) and Korajczykand Viallet (1989), tests unconditional ver-
sions of a single-factor international CAPM, which are simple extensions of
the domestic CAPM, whereby the market portfolio is widened to encom-
pass the World market (or some proxy for it). These tests tend to provide
insuﬃcient evidence for the models. The focus has since shifted to condi-
tional versions of both domestic and international CAPM, in which expected
return distributions are allowed to change from period to period. Within
domestic CAPM, several authors have pointed out that conditional models
better explain the time variation in returns and volatility. Among these
authors are Harvey (1989), Ferson and Harvey (1991), Campbell (1996),
Jagannathan and Wang (1996) and Lettau and Ludvigson (2001). Con-
ditional single-factor international CAPMs have been estimated by Mark
(1988), Giovanni and Jorion (1989), Harvey (1991), McCurdy and Morgan
(1992), Chan, Karolyi and Stulz (1992), Ferson and Harvey (1993), Bekaert
and Harvey (1995, 1997), De Santis and Gerard (1997), and Zhang (2001).
These studies either reject the single-factor model outright, or suggest that
more factors, or sources of priced risk, are needed to fully explain the cross
section of global asset returns. From a theoretical point of view, this is not
surprising, since the single-factor model should only be valid if Purchasing
Power Parity (PPP) holds at every point in time, which is far from the case
according to macroeconomic literature (e.g. Froot and Rogoﬀ 1995), or if
investors have logarithmic utility. The search is thus on for more factors of
priced risk, or multi-beta models. One interesting avenue is oﬀered by con-
ditional international Arbitrage Pricing Theories (APTs) and intertemporal
CAPMs (see Karolyi and Stulz 2001 for a review). Another path is to test
conditional international CAPMs with currency risk. As we shall see, such
a (unconditional) model can be derived theoretically when assuming PPP
violation.
Tests of international CAPM with currency risk, albeit still limited in
number, are in fact showing promising results. Jorion (1990), performing
an unconditional test, ﬁnds evidence that currency riskis priced in the
1980s. Several conditional tests have followed: Dumas and Solnik(1995),
using GMM to estimate a conditional speciﬁcation of Adler and Dumas’
(1983) international CAPM with currency risk, and assuming inﬂation to
be non-stochastic, ﬁnd that currency riskis priced and that the model can-
not be rejected. De Santis and Gerard (1998) and De Santis, Gerard and
Hillion (1998) use a multivariate GARCH-in-mean speciﬁcation to estimate
2the same conditional version of international CAPM. They, too, ﬁnd support
for the model, as well as evidence for signiﬁcant currency riskpricing (they
reject the null that the prices of currency riskare jointly equal to zero).
Further support for this conditional model is provided by Cappiello (1998),
and by Cappiello and Fearnley (2000) in their non-switching GARCH-in-
mean speciﬁcation, insofar as the price of market risk is signiﬁcant, although
the individual prices of currency riskare not. However, when they let the
GARCH parameters switch between two regimes, the price of market risk
is no longer signiﬁcant. Dahlquist and Sallstrom (2002), also using GMM
to test the conditional version of Adler and Dumas’ (1983) international
CAPM, ﬁnd that the mark et riskand currency riskpremia are jointly sig-
niﬁcant, and that the model has at least the same explanatory power as the
international three-factor model of Fama and French (1998). However, the
intercept, or constant term (￿), is positive and signiﬁcant, suggesting that
some unknown risk factors may be missing.
The purpose of this paper is to extend this conditional international
CAPM analysis to include government bonds, as well as the usual stock
and currency assets. The inclusion of bonds is motivated by three principal
considerations.
First, we consider it a signiﬁcant, albeit still insuﬃcient, step towards
addressing Roll’s (1977) well known critique of empirical tests of CAPM.
Roll argues that a correct and unambiguous test of the CAPM must in-
clude all wealth in the market portfolio. More precisely, inferences about
the validity of the model may be sensitive to the exclusion of assets in the
market portfolio. If we follow Roll’s arguments, the above tests of the condi-
tional international CAPM, which include only stocks in the World market
portfolio, yield questionable inferences about the model validity. By adding
government bonds to the World market portfolio of stocks, we boost the
market capitalization of this portfolio by between 24% and 62% during the
time period we are covering (1993-2001). If Roll is correct, and if certain
assumptions about bond wealth and its hedging characteristics are valid (is-
sues discussed below), our inferences ought to be more robust than earlier
inferences based exclusively on stockwealth.
Secondly, we want to measure this potential inference sensitivity in an
international context. Stambaugh (1982) has measured the inference sensi-
tivity to the exclusion of several asset classes1, among them bonds, within
1Stambaugh (1982) constructs several market portfolios of diﬀerent inclusiveness. The
most inclusive portfolio contains NYSE common stocks, corporate bonds, US government
bonds and Treasury bills, residential real estate, and consumer durables (house furnishings
and automobiles). The weight of common stocks ranges from only 15% to 34% and
3a domestic (US) CAPM. He ﬁnds that the inferences are in fact insensitive
to the exclusion of assets from the US market portfolio. On the other hand,
inferences prove to be sensitive to the set of assets used in the pricing equa-
tions. For instance, when using the most inclusive set of assets, the domestic
(Sharpe-Lintner) CAPM is rejected (but not the Black version), while more
limited sets of assets yield diﬀerent inferences. We test, in an international
setting, the inference sensitivity to the content of the World market portfo-
lio (stocks plus bonds, or only stocks) as well as to the asset classes in the
pricing equations (stocks, bonds and currency deposits, or only stocks and
currency deposits).
Third, we realize that the inclusion of bonds in an international asset
pricing model could potentially add signiﬁcant value to global asset manage-
ment, provided, of course, that the model provides a reasonable description
of return distributions. The reason is that bonds typically oﬀer important
diversiﬁcation beneﬁts due to their moderate mean correlation with stock
returns. We test the out-of-sample portfolio performance with and without
bonds.
From a theoretical point of view, however, government bonds should not
be admitted to the World market portfolio as unconditionally as stocks.
There are two reasons why their right to inclusion needs to be carefully
scrutinized. First, being part of the World market portfolio implies that
government bonds are seen as net wealth by investors, and that bonds are
in non-zero net supply. The question of net wealth has been discussed by
a number of authors, among them Barro (1974), who argues that, due to
Ricardian equivalence, an increase in outstanding government debt is gen-
erally not perceived as an increase in aggregate household wealth. Instead
it is seen as being oﬀset by implied future tax liabilities. Stambaugh (1982)
dissects this argument in the context of the domestic CAPM and shows that
it is essentially a question of accounting, and avoiding double counting of
claims on the same underlying assets. Inclusion of government debt in the
market portfolio is thus consistent with Barro’s argument since the market
value of the assets reﬂects, or assets are priced net of, expected future tax
liabilities. We could add a further argument in favor of bonds in an interna-
tional CAPM: an investor holding a portfolio of international bonds is only
liable to future taxes on the debt issued by his own national government. If
he is well diversiﬁed internationally, which he according to CAPM will be
unless the market capitalization of the domestic debt constitutes the bulk
of the global bond market capitalization, the argument about net wealth is
diluted. Finally, one could even question the relevance of future tax liabili-
averages around 25%.
4ties in a model which explicitly assumes away taxes and all other frictions.
For bonds to be in non-zero net supply, governments must be viewed as
exogenous issuers of debt, solely motivated by ﬁnancing own activity, and
not trading in bonds for speculative or hedging purposes. Such agents will
then have the same role as ﬁrms issuing exogenously determined non-zero
net supplies of stocks. We believe this assumption is as reasonable as any
other assumption of (international) CAPM. Note that currency deposits, on
the other hand, may be in zero net supply (and are often assumed to be
so), despite eﬀectively being short-term bonds or bills. The reason is that
the long and short currency positions are assumed to be endogenously and
optimally taken among the investors themselves, and not created by any
exogenous agents like governments.
The second issue which should be resolved before admitting government
bonds to the World market portfolio of risky assets is their hedging char-
acteristics. While everyone agrees that stocks are risky assets over all in-
vestment horizons, many will correctly argue that bonds are not (Schaefer
1999). High-grade government bonds are useful vehicles for hedging fu-
ture liabilities, through, for instance, immunization strategies. In general, a
default-free zero-coupon bond is nominally riskless over a horizon equal to
its time-to-maturity. In real terms it can be argued that inﬂation-indexed
bonds represent the riskless asset for long-term investors, especially if inﬂa-
tion riskis high (Campbell and Viceira 2002). However, this argument does
not invalidate our analysis. To see why, one should realize that the condi-
tional international CAPM that we estimate implies, in fact, a sequence of
one-weekinvestment horizons (we use week ly observations), with investors
optimizing their portfolios weekly. This must be the case given that the risk-
less asset in our analysis is deﬁned to be the one-weekEurocurrency deposit
in the reference currency. Therefore, by deﬁnition, only bonds of one week
time-to-maturity denominated in the home currency are seen by investors
as riskless. However, there are no government bonds with one week time-
to-maturity in our analysis, for the following reason. We calculate bond
returns from government bond indices with a ﬁxed time-to-maturity range
of one year and beyond (≥ 1 year). As soon as time-to-maturity falls below
one year, bonds drop out of the indices and new longer-maturity bonds enter
to maintain the ﬁxed time-to-maturity range. Said diﬀerently, our bonds are
not riskless because they are never held until maturity.
It may be argued that including government bonds is an insuﬃcient step
towards addressing Roll’s critique. The counterargument is that it is the
logical and most realistic next step after having included stocks. Some asset
5classes may not even ﬁt into the (international) CAPM. Returns on cor-
porate bonds, for instance, typically include non-negligible default premia.
The international CAPM only rewards market risk, currency risk, and inﬂa-
tion risk. The government bond indices that we use contain bonds with high
credit-rating (AAA, AA+, AAA- and AAA- in October 2001, for the US,
Japanese, European and World indices, respectively). Their default premia
are therefore negligible, consistent with the international CAPM. Other as-
set classes are problematic as well. Neither real estate nor human capital
(the asset class with the highest "market value") are anywhere near being
fully securitized and traded, and data availability is poor or nil. Private
equity and inﬂation-indexed bonds represent a negligible fraction of world
wealth, and can safely be ignored for now. Stambaugh (1982) even includes
consumer durables. Again, doing the same would take our analysis into un-
chartered territory (asset class not fully securitized and traded, questionable
or unavailable data, deﬁnition of return, etc.).
To our knowledge, examples of CAPMs estimated with bonds are rela-
tively few. Stambaugh’s (1982) workon the domestic CAPM is the classic
one. A domestic (US) intertemporal conditional CAPM with stocks and
bonds is estimated by Cappiello (2000). As for international CAPM, Gio-
vannini and Jorion (1989) estimate a conditional single-factor international
CAPM (without currency risk) for a market portfolio limited to US stocks
plus international Eurocurrency deposits denominated in four currencies,
and with market capitalization weights given by the government bond sup-
ply in the respective currencies. Covering the period 1974-1986, they ﬁnd
that CAPM is rejected for various speciﬁcations of the conditional covari-
ance matrix, and they suggest that it might be necessary to include more
assets. Glen and Jorion (1993) consider both stocks and long-term bonds as
risky assets when they evaluate the (ex post) beneﬁts of currency hedging
within the frameworkof a conditional version of the international CAPM
with currency riskof Solnik(1974). Instead of estimating the conditional
model, however, they simply use ex post returns as measures of expectations.
Finally, Ilmanen (1995) studies the forecastability of international bond re-
turns. He speciﬁes a single-factor international CAPM (without currency
risk) for government bonds, with constant conditional beta, implying that
any predictability in excess asset returns is due to time variation in the price
of market risk. Using GMM estimation, he ﬁnds support for the model pro-
vided that the riskfactor is proxied by the World excess bond return, but
not by the World excess stockreturn. He concludes that "Multi-factor mod-
els are probably needed to explain both stock and bond market behaviour...",
and that "A natural path for future research is to study the behaviour of in-
ternational stock and bond returns together.". This is precisely what we are
6aiming for in our paper, where we use a conditional version of the (multi-
factor) international CAPM with currency riskof Adler and Dumas (1983),
for US, Japanese and European stockand government bond indices, with
currency traded in the Eurocurrency market.
Our return data, which are translated into USD returns (USD being the
reference currency), cover the period 8 January 1993 to 26 October 2001,
and have weekly frequency. This gives a total of 460 observations, of which
the ﬁrst 424 are used for estimation ("in-sample"), and the last 36 observa-
tions (23.2.01-26.10.01) are used for out-of-sample portfolio tests. The time
period and frequency are dictated mainly by data availability. It is neverthe-
less an interesting period to study, with, in particular, atypical stock market
behaviour: exceptionally long-lasting bull markets in USA and Europe (and
essentially ﬂat market in Japan), followed by recent bearish markets world-
wide. This might pose a particular challenge to the international CAPM.
Allowing for time variation in the price of market risk, or global (wealth-
weighted average) riskaversion, an interesting question being addressed is
whether the riskaversion shows any particular (downward?) trend or struc-
tural shift during this mostly bullish period.
The paper is organized as follows: Section 2 brieﬂy reviews the assump-
tions underlying the international CAPM of Adler and Dumas (1983), and
describes the multivariate GARCH-in-mean model speciﬁcation. Section 3
describes the data. Section 4 presents the estimation results for four dis-
tinct model speciﬁcations of the prices of risk. In the ﬁrst, the prices of
market and currency risk are constant. However, it has been pointed out
in the literature that the prices of riskshould be allowed to change over
time (Harvey 1989, 1991; Chou, Engle and Kane 1992; Bekaert and Harvey
1995; Dumas and Solnik1995; De Santis and Gerard 1997, 1998; De Santis,
Gerard and Hillion 1998). Therefore, in our second speciﬁcation, the price
of market risk is made time varying by means of an exogenous information
variable, whereas the prices of currency riskare k ept constant in order to
facilitate estimation. In the third, this time varying speciﬁcation of the
price of market risk is retained, but we also allow for a structural shift in
the levels of all prices of riskby using dummy variables. The approximate
time of a structural change is identiﬁed by estimating a simpliﬁed univariate
conditional international CAPM without currency riskfor the World (US)
market portfolio, with regime switching price of market risk. Conditionality,
or time variation in the (co)variance of the World (US) market portfolio, is
obtained by calculating the rolling (co)variance within a window of speciﬁed
width, with exponential dampening of past observations. In the fourth, we
retain the structural shifts in the prices of risk, but propose a way to endo-
genize the price of market risk. Finally the sensitivity of our inferences to
7the exclusion of bonds is measured. Section 5 computes conditional optimal
portfolios for each of the four model speciﬁcations, and compares the relative
stockand bond weights with the observed relative weights of US, Japanese
and European stocks and bonds. The agreement is found to be better for
stocks than for bonds. We also check the out-of-sample performance of
the optimal portfolio against the realized return on the market portfolio of
stocks and bonds, with and without currency overlays. The optimal port-
folio with currency overlays shows signiﬁcant underperformance for all four
model speciﬁcations. However, the underperformance gap is dramatically
narrowed if only stockand bond positions are tak en, with no currency over-
lays. This narrow underperformance gap is practically closed if bonds are
excluded from the international CAPM. Section 6 summarizes.
82 Model speciﬁcation
We adopt the international CAPM of Adler and Dumas (1983). The model
is discussed at some length in Cappiello and Fearnley (2000). Below we
brieﬂy revisit its theoretical foundation. Originally a one-period model,
it can be made conditional through time varying prices of riskand/or a
time varying covariance matrix. The latter can, for instance, be modelled
as a multivariate GARCH(1,1) process, which leads to a GARCH(1,1)-in-
mean speciﬁcation of the international CAPM. This speciﬁcation, which
can be traced to Giovannini and Jorion (1989) and was ﬁrmly established
by De Santis and Gerard (1997), has since been employed by De Santis
and Gerard (1998), De Santis, Gerard and Hillion (1998), Cappiello (1998),
and Cappiello and Fearnley (2000). We use this technique in our paper
as well, opting for the diagonal BEKK representation of the multivariate
GARCH(1,1) process (Engle and Kroner 1995). The GARCH speciﬁcation
is discussed in some more detail below.
2.1 International CAPM
The international CAPM of Adler and Dumas (1983) is an international asset
pricing model with three priced riskfactors: mark et (covariance), currency
and inﬂation risk . It builds on earlier workby Solnik(1974) and Sercu (1980)
whose models, however, only price market and currency risk, since local
home currency inﬂation is assumed to be zero or deterministic (riskless).
The starting point in these models is the existence of rational, optimiz-
ing and perfectly informed investors who maximize expected lifetime utility
of consumption subject to a budget constraint. Countries are delineated
along currencies. Consumption is ﬁnanced exclusively from returns on fully
invested wealth. There are no market frictions or barriers to international
investments (zero transaction costs, taxes, tariﬀs, transportation costs, in-
formation gathering costs, restrictions on short sales), and, therefore, goods
and ﬁnancial markets are perfectly integrated. If there is only one consump-
tion good worldwide (or one goods basket, each good with constant and
equal consumption share in all countries), all investors will have identical
consumption and investment opportunity sets. Moreover, the law of one
price will hold at every point in time, and, if inﬂation is non-zero, Purchas-
ing Power Parity (PPP), too, will hold. It has been shown that under these
conditions, a simple extension of the domestic CAPM applies, whereby the
priced non-diversiﬁable riskis the covariance with the World mark et port-
folio instead of the home market portfolio. Since all investors have the same
return expectations, they hold the same portfolio, the World market port-
folio, regardless of nationality (Grauer, Litzenberger and Stehle 1976). In
9particular, since the law of one price (and PPP) holds, currency (and in-
ﬂation) riskis not priced. However, this model is clearly at odds with the
observed violation of the law of one price and PPP (on PPP violation, see
for instance Froot and Rogoﬀ 1995).
To allow for deviations from the law of one price (and PPP in the pres-
ence of inﬂation), Solnik(1974) assumes diﬀerent consumption goods in each
country. Foreign investments, which yield returns in the form of foreign
consumption goods which have to be exchanged for the domestic consump-
tion good via an intermediate good, then become subject to exchange rate
riskas well as mark et risk , since the exchange rate is assumed to follow a
(exogenously given) stochastic process. If the exchange rate riskcould be
fully hedged at no cost, by shorting the foreign currency and investing the
proceeds in the domestic riskless asset, there should be no exchange rate
premium on foreign investments. In fact, Perold and Schulman (1988) argue
that currency hedging is costless, a "free lunch". This amounts to saying
that there is no reward for being long the foreign currency (i.e. the expected
return on the foreign currency riskless asset is no higher than the expected
return on the domestic riskless asset, returns being measured in the home
currency). Solnikshows, how ever, that in equilibrium, in which all nation-
als hedge, there must be a reward for taking currency risk, provided the
net supply of riskless assets is zero in all countries, and the exchange rate
changes are uncorrelated with the risky asset returns measured in the local
currency. The latter condition is relaxed by Sercu (1980). Therefore, foreign
currency exposure is priced within the international CAPM.
Adler and Dumas (1993) extend the Solnik/Sercu model by allowing for
stochastic inﬂation rates of the goods prices. This is done by specifying
stochastic processes (geometric Brownian motions, GBMs) for the national
price index in each country, expressed in the reference currency, similar to
the GBMs for the risky assets. Since investors care about purchasing power,
they deﬂate the expected nominal returns using their local price index, thus
basing their portfolio choices on expected real returns. The price indices
following country speciﬁc GBMs, investors will have diﬀerent expectations,
depending on their country of residence. It follows that diﬀerent national
investors will hold diﬀerent optimal portfolios. The composition of these
portfolios is discussed in Section 5. Suﬃce it to say here that all investors,
regardless of nationality, hold a common portfolio of risky assets and cur-
rency positions (the universal log portfolio), plus a national-speciﬁc hedge
portfolio, also of risky assets and currency positions. The latter is the na-
tional investor’s minimum-variance portfolio in real terms. This portfolio
provides the best possible hedge against his rate of inﬂation (measured in
the reference currency), since its nominal return has the highest possible
10covariance with his home inﬂation. The weights of the two portfolios are
equal to the risktolerance and one minus the risktolerance, respect ively.
Their compositions are independent of the choice of reference currency. If
local (home currency) inﬂation is zero or deterministic, as assumed by Solnik
and Sercu, the composition of the country speciﬁc hedge portfolio reduces
to the riskless asset as seen by the national investor. The non-currency part
of the universally held log portfolio is necessarily the World market portfolio
of risky assets.
Assuming a ﬁxed supply of risky assets worldwide, Adler and Dumas cal-
culate equilibrium pricing equations for the international CAPM, by equat-
ing the aggregate asset demands, as given by the diﬀerent optimal portfolios,
with ﬁxed (exogenous) asset supplies. More precisely, equations for expected
excess returns are calculated, the country speciﬁc riskless rates being exoge-
nous. The result is:
￿(￿￿|Ψ)=￿￿ · ￿￿￿(￿￿￿￿ ￿￿￿|Ψ)+
￿ ￿
￿=1
￿￿ · ￿￿￿(￿￿￿Π￿|Ψ) (1)
where ￿(￿￿|Ψ) is the expected nominal excess return on asset ￿ (excess of
the riskless rate of the reference currency), given the available information














where ￿￿ and ￿￿ are, respectively, the wealth and average risktolerance of
country ￿ (￿ =1 ￿￿￿￿￿￿), and ￿ =
￿￿
￿=1￿￿ is the total world wealth (the
market capitalization of the World market portfolio when locally riskless as-
sets, or currency deposits, are in zero net supply). ￿￿ is thus a measure of
the global average riskaversion. ￿￿￿(￿￿￿￿ ￿￿￿|Ψ) is the conditional covari-
ance between the nominal excess return on asset ￿ and the nominal excess
return on the World market portfolio (￿￿￿) of risky assets, given Ψ. Since
this covariance is the market risk exposure, ￿￿ can also be interpreted as
the global average price of market risk. ￿￿￿(￿￿￿Π￿|Ψ) is the conditional co-
variance between the nominal excess return on asset ￿ and the inﬂation rate
in country ￿, given Ψ. It therefore represents the exposure to inﬂation risk
in country ￿. Hence, the country speciﬁc coeﬃcient ￿￿ can be seen as the







All returns and inﬂation rates are measured in the same reference currency.
(Excess) Returns are in excess of the riskless interest rate of the reference
currency. Equation 1 holds for all risky assets, including non-reference cur-
rency deposits, which, despite being riskless in the home currency, are risky
when translated into the reference currency.
Equation 1 shows that the total riskpremium of a risk y asset consists
of two parts: i) a classic-looking CAPM nominal market risk premium,
￿￿ · ￿￿￿(￿￿￿￿ ￿￿￿|Ψ), albeit with the World market portfolio replacing the
home market portfolio in domestic CAPM; ii) a sum of inﬂation premia,
￿￿ · ￿￿￿(￿￿￿Π￿|Ψ), one for each country in the world. Note that there is
no constraint on the sign of ￿￿. It is negative for ￿￿ ￿ 1, i.e. when the
average risktolerance of country ￿ is low. Moreover, ￿￿ is zero for ￿￿ =
1, i.e. if the average investor of country ￿ is logarithmic. If the average
investor is logarithmic in all countries, then ￿￿ =0 , ∀￿, and all inﬂation
premia disappear, leaving only the standard market risk premium. This
truncated model without inﬂation riskis o ften referred to as "world" CAPM,
as opposed to the full international CAPM.
If local inﬂation (seen by local investors) is zero or deterministic, as in
the Solnik/Sercu model, the country speciﬁc inﬂation rate Π￿, measured in
the reference currency, reduces to the relative change of the exchange rate
￿￿￿￿
￿￿ , where ￿￿￿￿ is the reference currency and ￿￿ is the currency of coun-
try ￿. However, since currencies earn locally riskless (contracted) interest,
and equation 1 holds for all risky assets, including non-reference currency
deposits, the relative change of the exchange rate
￿￿￿￿
￿￿ can be transformed
into the return on a bankor Eurocurrency deposit (or bill) in currency ￿￿,
measured in the reference currency. Moreover, there are now only ￿ − 1
terms in equation 1, because there are only ￿ − 1 exchange rates between
the reference currency and the currencies of ￿ countries. Therefore, when
local inﬂation is zero or deterministic, equation 1 is modiﬁed as follows:
￿(￿￿|Ψ)=￿￿ · ￿￿￿(￿￿￿￿ ￿￿￿|Ψ)+
￿−1 ￿
￿=1
￿￿ · ￿￿￿(￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿(￿￿)|Ψ), ￿￿ ￿= ￿￿￿￿ (4)
12where ￿￿￿￿￿￿￿￿￿￿￿￿(￿￿) is the return on a Eurocurrency (or bank) deposit in
currency ￿￿, measured in the reference currency. ￿￿￿(￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿(￿￿)) is
then the exposure to currency ￿￿ risk, and ￿￿ now represents the price of
currency ￿￿ risk( ￿￿ is still given by equation 3).
We will assume zero or deterministic local inﬂation in this analysis, and
thus rely on equation 4. However, the international CAPM of Adler and
Dumas being a one-period model, this equation must be reformulated if we
want to estimate a conditional international CAPM. This is commonly done
by requiring equation 4 to hold in all periods. Note, however, that this may
amount to a theoretical short-cut, as pointed out by Cappiello and Fearnley
(2000). A rigorous derivation of a conditional version of the international
CAPM would probably allow for time-varying investment opportunity set
and underlying state variables, leading to an intertemporal version of the
model, along the lines of Merton (1973). With this caveat, we respecify
equation 4 in the following way:
￿(￿￿￿￿+1|Ψ￿)=￿￿(￿￿) · ￿￿￿(￿￿￿￿+1￿￿ ￿￿￿￿￿+1|Ψ￿)+
￿−1 ￿
￿=1
￿￿(￿￿) · ￿￿￿(￿￿￿￿+1￿￿￿￿￿￿￿￿￿￿￿￿￿(￿￿)￿￿+1|Ψ￿), ￿￿ ￿= ￿￿￿￿ (5)
The time subscripts of the prices of market and currency risk (￿￿ and ￿￿,
￿ =1 ￿￿￿￿￿￿ −1) have been enclosed in parenthesis because we will estimate
various model speciﬁcations with and without time varying prices of risk.
2.2 GARCH speciﬁcation
Our aim is to simultaneously test equation 5 for US, Japanese and European
stock and bond markets, risky Yen and European currency basket Eurocur-
rency deposits, and the World market portfolio of stocks and bonds. The
reference currency is USD. Hence we have 9 risky assets, which we order as
follows: 1) US stocks; 2) Japanese stocks; 3) European stocks; 4) US bonds;
5) Japanese bonds; 6) European bonds; 7) EuroYen deposit; 8) European
currency basket Eurodeposit, which we will call EuroECUB deposit (see
Section 3.1.2); and 9) the World market portfolio (M) of stocks and bonds.
We therefore specify equation 5 in a vector form which can be estimated
econometrically:
13R￿+1 = ￿￿(￿￿)·￿￿￿(R￿+1￿￿ ￿￿￿+1|Ψ￿)+￿￿￿ ￿ (￿￿)·￿￿￿(R￿+1￿￿ ￿￿￿￿￿ ￿￿￿￿+1|Ψ￿)+
￿￿￿￿￿(￿￿) · ￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿￿+1|Ψ￿)+ε￿+1 (6)
where R￿+1is the 9 × 1 vector of realized excess returns at time ￿;
￿￿￿(R￿+1￿￿ ￿￿￿+1|Ψ￿) is the 9 × 1 vector of conditional covariances between
the expected excess asset returns and the expected excess return on the
World market portfolio, conditional on the information set Ψ￿;
￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿+1|Ψ￿) and ￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿￿+1|Ψ￿) are likewise the
9 × 1 vectors of conditional covariances between the expected excess asset
returns and the expected excess return on EuroYen and EuroECUB deposits,
respectively; ￿￿(￿￿), ￿￿￿ ￿ (￿￿) and ￿￿￿￿￿(￿￿) are the prices of World market,
Yen and ECUB risks, respectively; and ε￿+1 is a 9×1 vector of conditionally
multivariate ￿(0￿H￿+1) distributed residuals, where H￿+1 is the conditional
9 × 9 covariance matrix.
We choose to model this conditional covariance matrix as a multivariate
GARCH(1,1), which leads to a multivariate GARCH(1,1)-in-mean speciﬁ-
cation of international CAPM. Hence, when testing equation 6 we jointly
test the underlying international CAPM, the GARCH(1,1) model for the
conditional covariance matrix, and the model speciﬁcation for the prices of
risk. If equation 6 is rejected, it may be the fault of either of these models,
or to all, but there will be no smoking gun enabling us to tell which one is
guilty.
Like Cappiello and Fearnley (2000) we use the diagonal BEKK represen-
tation of the multivariate GARCH(1,1) to model the conditional covariance
matrix H￿+1 (Baba, Engle, Kraft, and Kroner, see Engle and Kroner 1995).








where C is a lower triangular 9×9 matrix and A and B are 9×9 matrices of
GARCH parameters. The constant term matrix CC
￿ is a (Cholesky decom-
position of a) symmetric and positive deﬁnite matrix. The general BEKK
14representation is very ﬂexible. For instance, it models conditional volatil-
ity spillovers across asset markets, which have been empirically documented
(in mainly high-frequency data) by, among others, Hamao, Masulis and Ng
(1990), and Chan, Karolyi and Stulz (1992). Clearly, we would have liked
to use this representation, in particular since our weekly data may be prone
to volatility spillovers. However, since the number of GARCH parameters
would be prohibitively high (207), we are forced to simplify the representa-
tion. A common approach, which we adopt, is to postulate that A and B







where a and b are 9 × 1 vectors containing the diagonal elements of the
matrices A and B,a n d￿ is the Hadamard matrix multiplication opera-
tor. This approach brings the number of GARCH parameters down to a
just about manageable number (63), at the price, however, of sacriﬁcing the
modelling of conditional contemporaneous volatility spillovers (and the gen-
eral goodness of the (co)variances ﬁt). More precisely, in a diagonal BEKK
the conditional volatility of asset ￿, forecasted for time ￿+1and conditional
on information at time ￿, depends on the current (time ￿) shockto this
asset and an autoregressive term, but not on the current shocks to other
assets. This is admittedly a weakness of our analysis, not least because the
unconditional correlations of squared weekly excess returns turn out, as we
shall see (Table 1 Panel F), to be signiﬁcant among some of the assets in
our data. Note, however, that the absence of explicitly modelled conditional
(forecasted) volatility spillovers does not rule out the propagation of volatil-
ity spillovers through the natural channel of contemporaneously correlated
shocks in the asset markets. Moreover, our diagonal BEKK is much less
parsimonious, and thus more general, than the diagonal Ding-Engle (1994)
representation which is often used in the literature. The latter, which would
require only 18 GARCH parameters (the elements of the vectors a and b),
does not guarantee a positive deﬁnite conditional covariance matrix. In con-
trast, the (diagonal) BEKK representation is positive deﬁnite under mild
conditions, due to the positive deﬁniteness of the matrix CC
￿ (Engle and
Kroner 1995).
The multivariate GARCH(1,1)-in-mean international CAPM that we es-
timate is thus given by equations 6 and 8.
153D a t a
We use weekly data from the last trading day of the week. The data are
divided into in-sample and out-of-sample, the former being used for esti-
mation and the latter for forecasting. The in-sample data consist of 424
observations, covering the period from 8 January 1993 to 16 February 2001.
The out-of-sample data has 36 observations, from 23 February 2001 until 26
October 2001.
This choice of sample size, period and data frequency is mainly driven
by data availability, but, as pointed out below, it also happens to ﬁt reason-
ably well the requirements of the theory (integrated capital markets). An
international CAPM of both stockand bond mark ets is necessarily going
to be parameter rich, in particular since we opt to use the diagonal BEKK
multivariate GARCH representation. This calls for a large data sample to
ensure suﬃcient degrees of freedom. The problem is that stockand bond
indices often do not go far enough backin time to provide the needed degrees
of freedom unless daily or weekly frequency is chosen. For example, for the
stockand bond indices we use (FTSE World total return indices, and Sa-
lomon World Government Bond Indices, respectively), joint monthly return
data do not go further backin time than February 1986, yielding only 190
monthly observations up until November 2001. As for market value (capital-
ization) data, the FTSE World indices provide no data prior to July 1988,
and only quarterly data between this date and January 1994, after which
monthly data are provided. Hence, given the relatively limited range of data
sources available to us, we are essentially forced to choose weekly frequency
for this particular estimation.
As pointed out by Cappiello and Fearnley (2000), focusing on a recent
period and using weekly data may, in fact, be advantageous on theoretical
grounds in two ways. First, it allows us to concentrate our study on a time
period characterized by a high degree of ﬁnancial liberalization and integra-
tion among developed markets, a key assumption of the model. Secondly,
GARCH models are designed to describe volatility clustering, and there are
indications that such clustering may be more predominant in weekly rather
than in monthly data (Bollerslev, Chou and Kroner 1992).
As for interesting ﬁnancial events, the period covered is rich enough:
examples like the Asian crisis, the Russian liquidity crisis, the long-lasting
(irrationally exuberant?) bull markets with the ensuing market declines,
and the terrorist attacks of 11 September 2001 are all included in the data
sample.
16There are a number of issues related to high-frequency data that we
do not address in depth in this paper. One potential problem is condi-
tional volatility spillovers between integrated capital markets, which appear
to be non-negligible in high frequency data (weekly frequency or higher, see
Hamao, Masulis and Ng (1990), and Chan, Karolyi and Stulz (1992)). In
the diagonal BEKK representation which we employ, there is no room for
volatility spillovers. Another issue is the problem of noise, unrelated to the
underlying model. As the frequency increases (period shrinks), the standard
deviation of returns becomes progressively larger compared to expected re-
turns. At some high frequency, one might expect that the estimation of
the underlying model will pickup spurious noise. In our case, this might
for instance translate into excessive time variation of the estimated price of
market risk. It should be stressed, however, that the question of what fre-
quency is too high is a purely empirical one. Using weekly data, Cappiello
and Fearnley (2000) ﬁnd that market risk, when sp e c i ﬁ e da sac o n s t a n t ,i s
priced within the international CAPM for the period 1986-1998. This sug-
gests that weekly frequency may be appropriate for this particular model
speciﬁcation.
All returns are calculated as continuously compounded, and translated
into the reference currency (USD).
In the following we describe the data used. We will distinguish between
asset data (stockand bond indices as well as Eurocurrency deposits), and in-
struments. The latter are employed in the estimation of international CAPM
with time varying price of market risk, and for speciﬁcation tests (regress-
ing residuals on instruments). For each class of data we provide the usual
descriptive statistics and diagnostic tests (for normality, autocorrelations,
cross-correlations, and stationarity).
3.1 Asset data
3.1.1 Stock and government bond indices
To calculate weekly total returns in stockmark ets, we use the FTSE World
(W) total return indices, obtained through Datastream. For the US stock
market, the index FTSE W USA is denominated in USD. There are also
USD denominated total return indices for Europe (FTSE W Europe) and
the World (FTSE W World). The Japanese total stockreturn index (FTSE
W Japan), however, is only available in Yen denomination on Datastream.
To translate it into USD, we choose to calculate an implied exchange rate
USD/Yen, obtained by taking the weekly ratio of the FTSE W Japan price
index in USD to the corresponding price index in Yen (both indices are
17oﬀered by Datastream). For each weekly observation, the total return index
in Yen is then multiplied by the implied exchange rate for the week.2
Weekly returns in the US, Japanese, European and World government
bond markets are calculated from Salomon World Government Bond Indices
(WGBI), also provided by Datastream. All indices are available in USD, in-
corporate accrued interest, contain maturities of one year or more, and have
the generally high credit ratings we are seeking for our estimation (AAA,
AA+, AAA- and AAA- in October 2001, for the US, Japanese, European
and World indices, respectively).
To calculate the (continuously compounded) return on the World market
portfolio of stocks and bonds, we need weekly relative market capitalization
weights of World stocks and bonds. The weekly market capitalization in
USD of the World stockmark et, as deﬁned by the above mentioned FTSE W
World total return index, is obtained from the market-cap series of FTSE W
World. We also extract the corresponding market-cap series for USA, Japan
and Europe, also in USD, in order to measure their combined share of the
world stockmark et capitalization. We ﬁnd that by incorporating (pricing)
the US, Japanese and European stocki ndices in the international CAPM,
we capture fully 90-95% (time varying; 92.2% on average) of the world stock
market capitalization (as deﬁned by the FTSE W index).
Weekly market capitalization data for the World government bond mar-
ket, as deﬁned by the Salomon WGBI World index, are, in fact, unavail-
able from common ”public” sources, irrespective of currency denomination
(Datastream and Bloomberg only provide monthly data). Still, we do need
such time series (in USD) in order to precisely calculate the market-cap
weighted continuously compounded return on the World market portfolio
of World stocks (FTSE W World) and World government bonds (Salomon
WGBI World). Schroder Salomon Smith Barney has therefore generously
”tailor-made” such a weekly market-cap index in USD for us, speciﬁcally
for our research. Salomon has likewise provided us with tailor-made weekly
USD-denominated market-cap data for USA, Japan and Europe. These
markets together comprise between 95.5% and 96.5% (average: 96.1%) of
the world government bond market valuation as deﬁned by Salomon WGBI
World.
2Alternatively we could have used a time series for the USD/Yen exchange rate. One
advantage of calculating the implied exchange rate from FTSEprice indices is that it
ensuresconsistent use of FTSE-calculated exchangerates. For the European stock market,
for instance, the FTSEWorld E urope index is available in USD, i.e. an implied FTSE
exchange rate is used.
18One might worry about the sudden redeﬁnition of the FTSE World stock
indices which tookplace on 15 June 2001, when the method of calculating
the weights in the indices was changed by the index provider, from total
market cap of ﬁrms to the free-ﬂoated market-cap of the ﬁrms (”free-ﬂoat”
adjustment). The eﬀect of this change was a sudden drop in the market
caps of USA, Japan and Europe by 2.5%, 21% and 8.5%, respectively. This
resulted in an apparent sudden and artiﬁcial realignment of the share of
stocks in the World market portfolio, entirely unrelated to risk-return con-
siderations of investors. For our estimation, however, this is unproblematic
for two reasons: ﬁrst, it occurs in the out-of-sample data, and thus does
not corrupt the estimation of the model. Second, the adjustment happens
only once, at a known point in time, when the stock market capitalization
already dominates the world bond market valuation.
3.1.2 Eurocurrency deposits
Annualized EuroYen 1-weekd eposit (bid) rates in Yen, at weekly frequency,
are available on Datastream (provider: Financial Times). We use weekly
USD/Yen exchange rate series, also from Datastream, to translate the de-
posit rate into a risky return denominated in USD. In doing so, care is taken
to transform the quoted deposit rates, which are simple annualized returns
(in Yen), into 1-week continuously compounded returns (in USD).
Obtaining a 1-weekEurodeposit rate for Europe as a region is, of course,
less straight forward. Obviously, the Euro is too young a currency to cover
the period of interest, and does not represent all the countries which make
up the FTSE W Europe total stockreturn index, or the Salomon WGBI
Europe bond return index, which we use (the absence of the UK is partic-
ularly damaging). Cappiello and Fearnley (2000) use the EuroECU deposit
rate. It can be argued, however, that the currency weights in the ECU are
too far from the country weights in the European stockand bond indices.
A possibly better solution, which we adopt, is to construct a composite Eu-
rodeposit rate oneself, which mimics to a reasonable extent the currency
exposure a US investor will have towards Europe when investing accord-
ing to the above mentioned European stockand bond indices. We tak e a
pragmatic approach by limiting the number of country speciﬁc 1-weekEu-
rodeposit rates in our composite to seven important markets (in terms of
stockmark et capitalization): EuroSterling, EuroFRF, EuroDEM, EuroCHF,
EuroGuilder, EuroLira, and EuroPesetas. All these rates are obtained in lo-
cal currency terms through Datastream (Financial Times). Five of the rates
are of course equal after 1 January 1999 (European Monetary Union). To
build the composite Eurodeposit rate, we further need to transform the Eu-
rodeposit rates into USD returns, and deﬁne a weighting scheme. Exchange
19rates are obtained from Datastream. As for weights, they should ideally re-
ﬂect the currency exposure that a US investor is subject to when investing in
European stocks and bonds. This exposure will be time varying. We opt to
use the (time varying) relative stockmark et capitalization among the seven
countries as weights, since the market cap of European stocks dominates
that of European government bonds since around mid-19963. The return in
USD on the composite European Eurodeposit is thus calculated as a port-
folio return, using continuous compounding. We will throughout the paper
refer to this composite European Eurodeposit as EuroECUB, where ECUB is
the associated European CUrrency Basket (of seven European currencies).
The riskfree asset is the 1-week riskfree USD rate, since USD is the
reference currency. More precisely, we let the 1-weekEuroUSD deposit rate
be the riskless asset, which is available from Datastream (Financial Times).
We transform it into a continuously compounded rate.
The riskless rate is subtracted from all risky assets returns; hence, all
returns are in excess of the US riskfree rate (and denominated in USD).
All Eurocurrency deposit rates are lagged by one period with respect to
risky returns and exchange rates, since locally riskless rates are contracted
one weekbefore the risk y returns and exchange rates materialize.
3.1.3 Descriptive statistics and diagnostics tests of asset data
Table 1 (Panels A-G) provides various descriptive statistics and diagnostic
tests for the in-sample risky asset data at weekly frequency (424 observations
of stock, bond and risky Eurocurrency deposit returns).
The descriptive statistics in Panel 1A shows that all return distributions,
with the exception the World market portfolio, exhibit both skewness and
excess kurtosis at the 1% signiﬁcance level (the kurtosis shown is absolute,
not kurtosis in excess of 3.0. The signiﬁcance level refers to the signiﬁcance
of excess kurtosis, or fatness of tails). The World market portfolio only
exhibits signiﬁcant excess kurtosis. These ﬁndings indicate signiﬁcant non-
normality, a result largely corroborated by the Jarque-Bera normality test
statistics: we reject the null hypothesis of normality at the 1% signiﬁcance
level, with the exception of European bond returns, for which we cannot
reject the null at the 5% level.
We also test the asset returns for stationarity, using an augmented Dickey-
Fuller unit root test (in levels with trend and intercept and 4 lagged diﬀer-
3The ratio of market capitalization of European stocks to government bonds peaked
at about 2.8 in May 2000, falling to 2.1 in October 2001.
20ences). Panel 1A shows that we reject the null hypothesis of unit root at
the 1% signiﬁcance level for all nine return distributions.
Panel 1B shows autocorrelation functions for lags up to 6, as well as
Ljung-Box statistics for 36 lags, which tests the null hypothesis that there is
zero autocorrelation up to 36th lag. The latter is distributed as ￿2
￿, where
￿ is number of lags. There is some autocorrelation in US stockreturns
(lag=1), and we reject the null of zero autocorrelation up to lag 36 at the
1% signiﬁcance level. For the other assets we cannot reject at the 5% level the
null of zero autocorrelation up to 36 lags, although there are a few signiﬁcant
autocorrelation functions in four of the markets. Given the presence of some
autocorrelation, one should ideally account for this in the mean equations,
possibly by adding autoregressive terms. We refrain from doing so, however,
since it would seriously complicate an already challenging estimation, both
in terms of number of parameters and complexity.
In Panel 1C we present unconditional contemporaneous correlations of
asset returns. The three stockmark ets are seen to be mutually positively cor-
related (the US and European by more than 50%), as are the bond markets
(with the exception of the US and Japanese bond markets, which are insignif-
icantly negatively correlated) Correlations between stockand bond mark ets
are either positive (US stocks and bonds), insigniﬁcant (US stocks and Eu-
ropean bonds; Japanese stocks and US/European bonds; European stocks
and US/Japanese bonds), or negative (US stocks and Japanese bonds). Only
the correlation between Japanese stocks and bonds is ”large” (close to 50%).
As for the money markets, they are mostly positively correlated with the
asset markets. We notice a high correlation between EuroYen returns and
Japanese stockand (in particular) bond returns, the la tter being striking
(not surprisingly, since shifts in the short rate may inﬂuence or shift the
shape and position of the yield curve). Similarly, and as expected, Eu-
roECUB deposit returns are highly correlated with European bond returns.
Finally, and not surprisingly, we note that the World market portfolio is
positively and signiﬁcantly (1% level) correlated with all the other assets,
including the money markets.
Cross correlations between the excess US stockreturns and the other
eight excess asset returns are presented in Panel 1D, for leads and lags of
up to 4 weeks (arbitrarily chosen number). Such correlations across time
indicate whether US stockreturns lead or lag the other asset returns (inter-
temporal spillovers). Any signiﬁcant inter-temporal spillovers should in prin-
ciple be modelled in the mean equations. Panel 1D shows that apart from
the contemporaneous correlations that we have already discussed, there are
only three signiﬁcant (1% or 5% level) inter-temporal spillovers: the US
21stockmark et is seen to lead the Japanese stockand bond mark ets, as well
as the EuroYen market, by one week, but the correlation is only of the order
of 10-15%, fortunately not enough to warrant a re-speciﬁcation of the model.
One should bear in mind that there are eight more sets of cross correlations,
not shown in Panel 1D, one for each of the other (non US stock) assets.
This gives a total of 324 cross correlations for leads and lags up to 4 weeks,
including 288 non-contemporaneous and 36 contemporaneous. Among the
224 non-contemporaneous correlations not shown in Panel 1D, we ﬁnd that
only 18 are signiﬁcant at the 5% and 1% signiﬁcance levels (16 at 5%, 2
at 1%), and none is above 13% in magnitude. We can thus conclude that
there are relatively few markets signiﬁcantly leading or lagging the others,
and that cross correlations therefore need not urgently be modelled in the
mean equations.
We now turn to weekly squared excess returns, which contribute to the
volatility (both unconditional and conditional through GARCH)4. Panel 1E
shows the autocorrelations for the nine excess asset returns, in terms of au-
tocorrelation functions up to lag 6 and the Ljung-Box statistics for 36 lags.
Signiﬁcant autocorrelation is signalled by the Ljung-Box statistics, which
is signiﬁcant at the 1% level for all assets except US bonds. In addition,
all assets exhibit at least one signiﬁcant autocorrelation function among the
six shown. In fact, we both expect and welcome a degree of autocorrela-
tion in squared returns, since it is well known that asset returns exhibit
volatility clustering, a phenomenon justifying ARCH/GARCH type models
for conditional volatility.
Unconditional correlations of squared excess returns are shown in Panel
1F. These are a rough measure of contemporaneous volatility spillovers be-
tween asset markets. We notice a number of signiﬁcant (5% and 1% levels)
correlations, some of considerable magnitude, especially between US and Eu-
ropean stocks, between Japanese stocks, bonds and EuroYen, between Eu-
ropean bonds and EuroECUB deposits, and between US/European stocks
and the World market portfolio (the latter is essentially by construction,
since these markets constitute a major part of the World market portfolio).
These contemporaneous spillovers are not explicitly modelled in our diago-
nal BEKK representation of the multivariate GARCH process. In Cappiello
and Fearnley (2000) it was argued that synchronous regime switching in
the GARCH model (or, more generally, in the mean equations) could create
some needed volatility linkages across markets. In the non-switching model
4We stress the word contribute since squared realized returns only represent a part of
the sum of terms which gives the unconditional or conditional (via GARCH) volatility.
The other terms are functions of the sample mean (unconditional volatility) or expected
excess returns (conditional volatility).
22presented here, however, we won’t get volatility spillovers through any such
”backdoor”. The shortcoming we are facing here is a general problem with
a diagonal BEKK (or, for that matter, Ding-Engle) representation, and is
thus a result of our need to limit the number of model parameters. Still, as
already noted, one should keep in mind that the diagonal BEKK does in fact
produce conditional volatility spillovers when shocks are contemporaneously
correlated.
Finally Panel 1G shows cross correlations between the squared excess
US stockreturns and the other eight squared excess asset returns, for leads
and lags of up to 4 weeks. These cross correlations provide a measure of the
extent to which the US stockmark et volatility leads or lags the other asset
volatilities (inter-temporal volatility spillovers). Panel 1G shows that apart
from the contemporaneous correlations, there are only nine signiﬁcant (1%
or 5% level) inter-temporal spillovers among the 48 non-contemporaneous
correlations listed, with magnitudes not exceeding 22%. As for the eight
other sets of cross correlations for leads and lags up to 4 weeks, containing
224 non-contemporaneous correlations, we ﬁnd that 35 out of the 224 are sig-
niﬁcant at the 5% or1% level, and two of them are of considerable magnitude
(50%). Although this degree of cross correlation is not negligible, it is not
deemed suﬃciently important by itself to invalidate a diagonal BEKK (or




Instrumental variables are used to model time varying price of market risk,
and for model speciﬁcation tests, in which the residuals are regressed on the
instruments. Any explanatory power would indicate mis-speciﬁcation of the
model.
In selecting instruments we rely on ﬁnancial variables commonly used
in the literature to model time variation of the price of market risk within
the CAPM framework(Harvey 1991; Bek aert and Hodrick1992; Campbell
and Hamao 1992; Ferson and Harvey 1993, 1994; Harvey, Solnikand Zhou
1994; Bekaert and Harvey 1995; De Santis and Gerard 1997, 1998; De Santis,
Gerard and Hillion 1998). In addition to a constant term, these variables are
typically: i) the World dividend yield in excess of the US riskfree rate; ii) the
US default premium; iii) the (absolute) change in the US term premium; and
iv) the (absolute) change in the US riskfree rate. Most of these variables have
been shown to capture the state of the long-term or shorter-term business
cycle; the dividend yield, default premium and term premium tend to be
23high in recessions and low during boom times (Fama and French 1989). In
this paper we also consider minor variations to this set, yielding variables
with basically the same economic motivation and content as the original
ones: a) the weekly (absolute) change in the World dividend yield in excess
of the US riskfree rate; b) the World dividend yield (not in excess of the US
riskfree rate); c) the weekly (absolute) change in the World dividend yield;
d) the weekly (absolute) change in the US default premium; and e) the US
term premium.
A weekly time series for the annualized World dividend yield calculated
in local (world basket) currency is provided by FTSE and is linked to the
FTSE W World total return index. We explicitly seeka World dividend
yield series in local currency (and not in USD) since the World dividend
yield is assumed to be an indicator for the global business cycle, and we do
not want this information to be diluted or disturbed by a priori unrelated
USD exchange rate movements. To calculate the World dividend yield in
excess of the US riskfree rate, we subtract the annualized 1-weekEurodollar
deposit rate from the World dividend yield.
The US default premium can be deﬁned in a number of ways. Some au-
thors deﬁne it as the yield diﬀerence between Moody’s Baa and Aaa rated
bonds (De Santis and Gerard 1997, 1998) Other deﬁnitions can be consid-
ered as long as they provide a measure of credit riskand thus, by assumption,
riskaversion. For reasons to do with data availability and quality, we choose
to deﬁne the US default spread as the yield diﬀerence between US B2-rated
bonds (highest Moody’s rating of ”junk” bonds) and US 10-year Treasuries.
A weekly time series for this annualized spread (in basis points) is obtained
from Bloomberg.
The US term premium is commonly deﬁned as the yield diﬀerence be-
tween the US 10-year Treasury bond and the US riskfree rate. We adopt
the same deﬁnition, the riskfree rate being the annualized 1-week Eurodol-
lar deposit rate. A time series for the annualized US Treasury 10-year bond
yield (including accrued interest) is extracted from Datastream.
3.2.2 Descriptive statistics and diagnostics tests of instruments
Table 2 (Panels A-C) provides descriptive statistics and diagnostic tests of
the selected instruments and their ﬁrst diﬀerences. Distributional statistics
and the augmented Dickey-Fuller stationarity test statistics are presented in
Panel 2A. We note that for all variables there is evidence of non-stationarity
in the levels, but not in the ﬁrst diﬀerences, for which we reject the null
hypothesis of unit root at the 1% signiﬁcance level.
24Panel 2B shows that there is signiﬁcant (1% level) autocorrelation for all
the variables in levels, according to both the ﬁrst six autocorrelation func-
tions and the Ljung-Box statistics for 36 lags. This autocorrelation weakens
somewhat when taking ﬁrst diﬀerences, but only the weekly change of the
World dividend yield exhibits insigniﬁcant autocorrelation up to 36 lags (for
the other ﬁrst diﬀerence variables we reject the null of zero autocorrelation
up to 36 lags at the 1% signiﬁcance level).
Unconditional correlations between the instruments (in levels and ﬁrst
diﬀerences) are shown in Panel 2C. In levels all variables exhibit consid-
erable mutual correlation5. This means that using two or more of these as
explanatory variables for the price of market risk will introduce a high degree
of redundancy and potential collinearity, which should be avoided. Fortu-
nately, we see from Panel 2C that mutual correlations of ﬁrst diﬀerences are
much smaller (and mostly statistically insigniﬁcant), with the exception of
three correlations: between the change in the US term premium and the
change in the excess World dividend yield; and between the change in the
US riskfree rate and, respectively, the change in the excess World dividend
yield and the change in the US term premium. When choosing appropri-
ate instruments, we will seekto avoid pairs of instruments which are highly
correlated (Section 4.1.2).
5It is not surprising that World dividend yield is strongly correlated with excess World
dividend yield. These variables are, of course, not meant to be used jointly in a model
for the price of market risk. We show statistics for both because either of them might
potentially be explanatory variables for this price.
254 Estimation results
This section presents the results for the four model speciﬁcations considered
in our paper. The ﬁrst, and simplest, speciﬁcation being tested assumes
that all prices of riskare constant, i.e. the time variation of expected excess
returns is solely due to the time variation of the riskexposures, the la tter
originating from the multivariate GARCH process describing the correla-
tions with the pricing factors (World market and currency returns, respec-
tively). Speciﬁcally, we test whether the three sources of risk(mark et, Yen
and ECUB risks) are individually or jointly priced at the 5% signiﬁcance
level. Besides being interesting in its own right, the estimation will serve as
a ”benchmark” for the other speciﬁcations which assume time varying price
of market risk and, in two speciﬁcations, a structural change in all prices of
risk. The second speciﬁcation that we estimate incorporates time variation
in the price of market risk, by modelling the price as an exponential function
of a chosen information variable (instrument)6. Likelihood ratio and Wald
tests are used to measure the statistical signiﬁcance of the time variation.
The third speciﬁcation allows for a structural change in the levels of the three
prices of risk, by means of dummies, in addition to time variation in the price
of market risk through the selected instrument. To identify the approximate
point in time of the structural change, we estimate a univariate conditional
international CAPM without currency riskand with regime switching price
of market risk, for the World market portfolio and the US stock market re-
spectively. Time variation in the (co)variance (with) of the World market
portfolio is generated by a rolling window with exponential damping of past
observations, instead of a GARCH speciﬁcation. This enables us to steer
clear of the estimation problems associated with regime-switching GARCH
models (see Cappiello and Fearnley 2000). The results suggest a drop in the
level of the price of market risk at the start of 1998, and the full-blown mul-
tivariate GARCH-in-mean international CAPM with level-shifting prices of
riskand time varying price of mark et risklends some support to this ﬁnd-
ing. In the fourth model speciﬁcation we investigate whether the exogenous
instrument used to model time variation in the price of riskcan be replaced
with an endogenous information variable. We propose a "semi-endogenous"
model which combines an endogenous information variable with the struc-
tural level shift already identiﬁed.
Model validity is thus tested on the basis of parameter signiﬁcance and
associated hypothesis tests, as well as speciﬁcation tests of the residuals.
Omitted, unfortunately, are tests of the signiﬁcance of intercepts in the
6For numerical reasons we are unable to estimate speciﬁcations which also incorporate
time variation in the prices of currency risk through exogenous instruments.
26pricing equations, due to estimation problems when specifying intercepts.
More speciﬁcally, when estimating model speciﬁcations with an intercept
for each asset in the pricing equations, the covariance matrix of the esti-
mated model parameters consistently fails to invert. Consequently, while
the central values of the parameters are successfully estimated, their stan-
dard errors are not, making it impossible to evaluate the signiﬁcance of the
intercepts through hypothesis tests. (In fact, we have encountered similar
problems with inverting the covariance matrix of the parameters when spec-
ifying certain time varying functions for the price of market risk, and we
will brieﬂy return to this issue below.) Our tests of international CAPM
are, therefore, admittedly incomplete. Other model speciﬁcations might be
better suited to address the question whether intercepts are signiﬁcant or
not. This could be an interesting follow-up research topic. Future research
should also aim at modelling time variation in the prices of currency risk,
beyond a single structural change, a goal which has so far eluded us for
numerical reasons.
We ﬁnish this section by investigating the sensitivity of the inferences
(hypothesis tests) to the exclusion of bonds. These tests are inspired by the
classic study by Stambaugh (1982) of the domestic CAPM inference sensi-
tivity to a broadening of the domestic market portfolio and to the inclusion
of extra asset classes in the pricing equations. For the model speciﬁcations
we are able to evaluate, we ﬁnd that the inferences are highly robust to
the exclusion of bonds, both in the pricing equations exclusively, and in the
pricing equations and the World market portfolio. For some model speciﬁ-
cations, however, we are unable to determine the inference sensitivity due
to estimation problems when excluding bonds.
4.1 Constant prices of market and currency risk
4.1.1 Estimation results
The model speciﬁcation being tested is given by equations 6 and 8, repeated
here for convenience in the version with constant prices of risk:
R￿+1 = ￿￿ · ￿￿￿(R￿+1￿￿ ￿￿￿+1|Ψ￿)+￿￿￿ ￿· ￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿+1|Ψ￿)+
￿￿￿￿￿ · ￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿￿+1|Ψ￿)+ε￿+1 (6’)
where R￿+1is the 9 × 1 vector of realized excess returns at time ￿;
27￿￿￿(R￿+1￿￿ ￿￿￿+1|Ψ￿) is the 9 × 1 covariance vector between the expected
excess asset returns and the expected excess return on the World market
portfolio, conditional on the information set Ψ￿; ￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿+1|Ψ￿)
and ￿￿￿(R￿+1￿￿￿￿￿￿￿￿￿￿￿￿+1|Ψ￿) are likewise the 9 × 1 conditional covari-
ance vectors between the expected excess asset returns and the expected
excess return on EuroYen and EuroECUB deposits, respectively; ￿￿, ￿￿￿ ￿
and ￿￿￿￿￿ are the constant prices of World market, Yen and ECUB risks, re-
spectively; and ε￿+1 is a 9×1 vector of conditionally multivariate ￿(0￿H￿+1)
distributed residuals, where H￿+1 is a conditional 9 × 9 covariance matrix.







￿ ￿ H￿ (8’)
where C is a lower triangular 9 × 9 matrix and a and b are 9 × 1 vectors,
whose elements we will estimate. The ordering of the risky assets is as
follows: 1) US stocks; 2) Japanese stocks; 3) European stocks; 4) US bonds;
5) Japanese bonds; 6) European bonds; 7) EuroYen deposit; 8) EuroECUB
deposit; and 9) the World market portfolio of stocks and bonds. All returns
are in excess of the riskless 1-week EuroUSD deposit rate.
We use the Quasi Maximum Likelihood (QML) method of Bollerslev and
Wooldridge (1992) for maximum likelihood estimation, which gives standard
errors of the parameters that are robust to any departure from normality
of the normalized residuals (see also Weiss 1984, 1986). The Gaussian log

















where ￿ is the number of assets (9), ￿ is the sample size (424), and θ is
the vector of free parameters to be estimated by QML. When the prices
of riskare constant, there are 66 free param eters: the 45 elements ￿￿￿￿ of
the lower triangular constant-term matrix C, the elements ￿￿ and ￿￿ of the
ARCH/GARCH vectors a and b (￿, ￿ = 1￿￿￿￿￿9), and ￿￿, ￿￿￿ ￿ and ￿￿￿￿￿.
The maximization is done using the BHHH algorithm of Berndt, Hall, Hall
and Hausman (1974).
28Table 3 lists the estimated central values and standard deviations of the
model parameters, with the exception of the 45 elements of the constant-
term matrix C, whose precise values and standard errors are of limited
interest to us here7. One notes that the elements of the ARCH/GARCH
vectors are estimated with high precision, are statistically signiﬁcant (high
t-values), and show the typical high persistence of GARCH models, ￿￿ being
close to (but not equal to) one. According to Bollerslev (1986), station-
arity of the covariance matrix requires the so-called decay (or persistence)
parameters ￿￿￿￿ = ￿￿￿￿ + ￿￿￿￿ to satisfy the inequalities ￿￿￿￿ ￿ 1￿∀￿￿￿￿ The
estimated values satisfy this restriction, hence the multivariate covariance
process is stationary8. Our second observation is that the ARCH parameters
￿￿ are larger for stocks (￿1 − ￿3) than for bonds (￿4 − ￿6), while there is no
signiﬁcant diﬀerence for the GARCH parameters ￿￿. This result can be in-
terpreted as bonds showing relatively more persistence, or autocorrelation,
in volatility than do stocks (measured by ￿￿ relative to ￿￿). A somewhat
related result is obtained by Reilly, Wright and Chan (2000), who conclude
that US Treasury bonds show much higher persistence in volatility than
do US stocks (their results are based on a simple univariate autoregressive
model for volatility with ARCH(1) errors). The authors linkthe high degree
of autocorrelation in bond volatility to high autocorrelation in the volatility
of interest rates. The high autocorrelation in volatility of interest rates may
again be related to a result by Coleman, Fisher and Ibbotson (1993), who
contend that the best predictive model for yield volatility is a speciﬁcation
where the yield volatility is proportional to the level of interest rates (which
show strong autocorrelation). It is therefore not entirely surprising that we
ﬁnd relatively small ARCH parameters (￿7, ￿8) for the two Eurodeposits as
well, since their returns are partly determined by local 1-weekinterest rates
(and partly by exchange rate changes).
Turning to the prices of risk, we ﬁnd that the price of market risk is
9.14, with a standard error of 5.03, yielding a t-value of 1.82, just short of
the 5% signiﬁcance level. For comparison, Cappiello and Fearnley (2000)
obtain a value of 6.86, and a standard error of 2.13, for US, Japanese and
European stock markets in the period 1986-1998, and thus conclude that
the price of market risk is signiﬁcantly priced within International CAPM.
Our analysis diﬀers, of course, in both the investment opportunity sets (we
include bonds) and time period (ours is more recent). Still, when accounting
for the standard errors, the estimated values of the two analyses overlap.
The prices of currency riskare negative, but not signiﬁcantly diﬀerent
from zero at any conventional signiﬁcance level. Other authors, too, fail to
7There are no restrictions on the values of the elements ￿￿￿￿.
8There are 91 values of ￿￿￿￿. They fall in the range 0.9086 - 0.9903.
29ﬁnd signiﬁcant prices of currency riskwhen these are speciﬁed as constants
(see for instance Cappiello and Fearnley 2000; however, these analyses re-
strict the investment opportunity set to stocks only).
These results, based on the t-values of the parameter estimates, are cor-
roborated by the Wald hypothesis tests reported in Table 4. For the price
of market risk, we supplement the Wald test with a Likelihood Ratio test in
order to checkconsistency of results. We test the null h ypothesis that the
prices of riskare zero, individually as well as jointly. Based on the Wald
test, we cannot reject at the 5% signiﬁcance level the null hypothesis that
the price of market risk is zero (however, we can reject it at the 10% level).
Based on the Likelihood Ratio test, however, we do reject the null at the 5%
level (but not at the 1% level). This ambiguity merely shows that the price
of market risk is signiﬁcant near the 5% level, but not indisputably at this
level. Furthermore, we cannot reject the null that the prices of currency risk
are zero, individually or jointly, at any conventional signiﬁcance level. This
is also the case for the null hypothesis that all the prices of riskare zero
(p-value is 0.3268), a null that eﬀectively rules out international CAPM in
its speciﬁed form at any conventional signiﬁcance level.
The fact that the price of market risk is not (unambiguously) signiﬁcant
at the 5% level provides added incentive to respecify the price as time-
varying. If the true price is time varying while it is speciﬁed as a constant in
the model, we might reasonably expect the standard error of the estimated
constant to be large. We will return to alternative time varying speciﬁcations
of the price of market risk in Section 4.2.
Figure 1 shows the expected weekly excess returns for the nine assets, or
the sum of the weekly market, Yen and ECUB risk premia (also shown are
Hodrick-Prescott smoothed distributions). Since the three prices of riskare
constant, the time variation seen here reﬂects the time variation of the three
riskexposures, or the conditional covariances with the pricing factors (the
return on the World market portfolio, and on the EuroYen and EuroECUB
deposits). An interesting observation is that this model implies an upward
trend in the expected excess returns on US and European stocks (and the
World market portfolio) in the second half of the 1990s, mainly due to an
upward trend in their covariances with the World market portfolio. There is
no comparable trend in the expected excess returns on the Japanese stock
market. Hence, this particular model does not lend support to the view that
the bullish stock markets in the US and Europe in the second half of the
1990’s were driven by falling expected returns. However, this hypothesis is
usually rooted in the belief that the riskaversion was falling in this period.
In our model speciﬁcation, however, riskaversion is constant, hence this
30channel for producing falling expected returns is closed. We will return to
this issue when discussing the alternative model speciﬁcations involving time
varying price of market risk.
Expected excess bond returns show a very diﬀerent structure. While
positive for US bonds, they are close to zero or negative for Japanese and
European bonds. The source of the negative expected returns is negative
currency riskpremia for these bonds, which overpower positive mark et risk
premia. These negative currency riskpremia are caused by the negative
prices of Yen and ECUB riskcombined with relatively large and positive
conditional covariances between the Japanese (European) bond return and
the EuroYen (EuroECUB) deposit return. For US bonds, in contrast, the
conditional covariance with the EuroYen and EuroECUB deposit returns is
quite small. In fact, a similar pi c t u r ew a ss e e ni nt h eunconditional cor-
relations of asset returns, see Table 1 Panel C, and reﬂects the sensitivity
of bond yields to short rates. Hence, even though the prices of currency
riskare small (compared to the price of mark et risk ) and not signiﬁcantly
diﬀerent from zero (at 5% signiﬁcance level), their sign and magnitude be-
come important for bonds, because the market risk premia of bonds are
much smaller than those of stocks due to their smaller conditional covari-
ances (and unconditional correlations, see Table 1 Panel C) with the World
market portfolio.
Figure 2 shows the three components of the expected weekly excess
returns (market, Yen and ECUB risk premia)9. The graphs have been
smoothed by a Hodrick-Prescott ﬁlter to help the reader extract the es-
sential information. The ﬁgure shows clearly what was explained above:
that negative currency riskpremia sometimes dominate positive mark et risk
premia for Japanese and European bonds, but not for stocks. They also
show that the upward trend in expected excess return on US and European
stocks is associated with an upward trend in the market risk premia for these
assets (or, more precisely, the conditional covariances).
9To save space, three assets are not shown: the EuroYen and EuroECUB deposits,
and the World market portfolio.
314.1.2 Speciﬁcation tests
We perform two types of speciﬁcation tests: in the ﬁrst test, the time series
properties of the normalized residuals and their squares are analyzed. The
objective is to checkwhether the normalized residuals are distributed as iid
￿(0,1) and whether the squared residuals have been purged of autocorre-
lation, which would indicate that the GARCH model adequately captures
the observed heteroskedasticity in the asset return data. In the second test,
we checkif the residuals can be explained by a chosen set of information
variables (instruments), described in Section 3.2, by regressing each (non-
normalized) residual on these variables. Any explanatory power would sug-
gest that the mean equations are incorrectly speciﬁed, or, more precisely,
that information variables need to be incorporated (somehow) in the speci-
ﬁcation.
Table 5 Panel A reports distributional statistics for the normalized resid-
uals, as well as their squares. The normalized residuals ￿￿￿￿ are calculated
as ￿￿￿￿ = ￿￿￿￿￿
￿
 ￿￿￿￿, where ￿￿￿￿ are the residuals of asset ￿ and  ￿￿￿￿ is the
conditional variance of the asset. Signiﬁcant (1% and 5% level) deviations
from iid ￿(0,1), and presence of autocorrelation, are marked with stars. All
mean values and standard deviations are close to zero and one, respectively,
except for the mean value of the Japanese stockresiduals, which shows a
substantial negative shift, indicating that the model is unable to adequately
explain the poor returns in this market. An even larger negative shift (-
0.128) in normalized residuals of the Japanese stockmark et was reported
by Cappiello and Fearnley (2000), for the period 1986-1998 (international
CAPM without bonds). Such a shift is indicative of a mis-speciﬁcation, or
missing factors, which could possibly have been captured by an intercept.
As for normality, there is evidence for excess kurtosis at the 1% signiﬁcance
level in all nine markets, but three of them have insigniﬁcant Jarque-Bera
test statistics, and therefore we cannot unambiguously reject the null hy-
pothesis of normality for these. Only the US stock market shows signiﬁcant
autocorrelation in normalized residuals up to lag 36, but this was also the
case for the excess return series (Table 1 Panel B). More importantly, only
the European stockmark et shows signiﬁcant au tocorrelation up to lag 36
in squared normalized residuals, a clear improvement from the signiﬁcant
autocorrelation in squared excess returns seen in seven markets (Table 1
Panel E) and indicative of GARCH’s ability to capture most of the observed
heteroskedasticity.
In the second test, we regress each of the non-normalized residuals on
chosen information variables. As reported in Section 3.2, we focus on com-
monly used information variables which supposedly are related to the busi-
ness cycle (and riskaversion), and on minor variations of these. We noted
32in the same section that all these variables are non-stationary in levels, but
not in ﬁrst diﬀerences. We therefore focus exclusively on ﬁrst diﬀerences.
Next, we will ensure that pairs of information variables with large uncon-
ditional correlations (Table 2 Panel C) do not appear in the same set, in
order to minimize redundancy or collinearity. Given these selection criteria,
we are left with ﬁve possible and equally plausible (overlapping) sets of in-
formation variables. The ﬁve sets are (all variables are in ﬁrst diﬀerence,
here denoted ∆): 1) ∆(World dividend yield), ∆(US term premium), ∆(US
default spread); 2) ∆(World dividend yield), ∆(US riskfree rate), ∆(US de-
fault spread); 3) ∆(World dividend yield in excess of US riskfree rate) and
∆(US default spread); 4) ∆(US term premium) and ∆(US default spread);
and 5) ∆(US riskfree rate) and ∆(US default spread). All sets include a
constant term. We thus run ﬁve regressions for each residual, on each of the
ﬁve sets (lagged one period), and test the null hypothesis that the informa-
tion variables in a particular set have no explanatory power, i.e. that all
regression coeﬃcients (excluding !0) are jointly equal to zero, using a Wald
test. Table 5 Panel B shows the results of these tests. We reject the null at
the 5% signiﬁcance level for three of the asset markets (Japanese stocks and
bonds, and EuroYen deposits), for which up to three of the sets yield signif-
icant Wald test statistics (￿2). Hence there is evidence that the residuals of
these assets can be (partly) explained by the chosen instruments.
4.2 Time varying price of market risk
There are three major reasons for introducing time varying prices of risk.
First, as mentioned in Section 1, it has been pointed out by several authors
that the prices of riskshould be allowed to change over time (Harvey 1989,
1991; Chou, Engle and Kane 1992; Bekaert and Harvey 1995; Dumas and
Solnik1995; De Santis and Gerard 1997, 1998; De Santis, Gerard and Hillion
1998)10. Second, we want to address the issue of possible trends or structure
10Time variation in the price of market risk, or risk aversion, also ﬁnds support in
behavioural ﬁnance and the psychology literature. A recent model by Barberis, Huang
and Santos (2001) relies on two long-standing ideas from this literature: i) investors care
about changes in ﬁnancial wealth and are loss averse to these changes, a key feature of the
prospect theory of Kahneman and Tversky (1979), which is a descriptive model of decision
making under risk; and ii) prior outcomes may aﬀect subsequent risk taking behavior. For
instance, losses are less (more) painful if they happen after prior gains (losses) (Thaler
and Johnson 1990), resulting in time varying risk aversion (low after prior gains, high
after prior losses). Barberis, Huang and Santos conclude that risk aversion falls after
a run-up in asset prices, and rises after a fall in prices. This result might provide some
theoretical justiﬁcation for traditional business condition variables, such as dividend yield,
in models for the price of risk. As we have seen, these variables relate high risk aversion
to low economic activity, which is associated with depressed asset prices. However, one
should not get too carried away by this apparent link to behavioural ﬁnance, because
33in the riskaversion in the 1990’s. Third, as we have just seen in the preced-
ing section, none of the prices of riskare unambiguously signiﬁcant at the
5% level when speciﬁed as constants (although the price of market risk is
signiﬁcant at the 5% level in the Likelihood Ratio test and at the 10% level
in the Wald test). It seems that a natural next step would be to investigate
alternative, time varying speciﬁcations.
Modelling time varying prices of riskcan be costly, however, in terms of
additional parameters. Moreover, if time variation is introduced by means of
exogenous instruments (as opposed to statistical techniques such as regime
switching or Kalman ﬁlter), one must identify the instruments among numer-
ous possible candidates, a procedure which is susceptible to criticism of data
mining. In our investigation we will focus on the time variation of the price
of market risk, because we encounter numerical diﬃculties when estimating
models in which also the prices of currency riskvary with time through in-
struments11. We will nevertheless allow the prices of currency riskto change
levels. These are admittedly truncated versions of a full-blown time-varying
prices speciﬁcation, but, in their defence, we successfully manage to estimate
them, and we are anyway primarily interested in probing the time evolution
of the price of market risk, or risk aversion.
We estimate three distinct speciﬁcations of international CAPM with
time varying price of market risk: i) In the ﬁrst speciﬁcation, we follow
the conventional approach, by identifying plausible information variables
(instruments) on which the price of market risk may depend according to an
assumed function. These are selected from the pool of instruments widely
used in the literature, and minor variations thereof (see Section 3.2). In
Section 4.1.2 we showed that there are ﬁve possible sets of instruments which
satisfy our time series criteria (stationarity and low mutual unconditional
correlations), and we choose one of these sets (or, rather, a subset with a
single instrument) when modelling the price of market risk. ii) In the second
speciﬁcation, we retain this instrument speciﬁcation of the price of market
risk, but we also introduce a novelty by allowing the levels of the prices of
market and currency riskto change once, using dummies. This method, a
one risks becoming entangled in theoretical inconsistencies. In particular, the underlying
assumptions of CAPM and the above behavioural models are very diﬀerent.
11The numerical problem referred to here, and specially seen when estimating
parameter-rich speciﬁcations, is that the covariance matrix of the parameters fails to
invert, in which case the standard errors of the parameters cannot be computed. The
problem seems partly related to the large dimensionality of the covariance matrix, but
it is not necessarily solved by reducing model dimensionality (see Section 4.3). It should
be stressed that the numerical diﬃculties we are referring to here do not imply prob-
lems with convergence, which, with a few exceptions, is obtained even for parameter-rich
speciﬁcations.
34crude way of introducing a structural change (or single regime switch) in
the prices of risk, is motivated by the fact that the instrument we select
for the price of market risk, being a ﬁrst diﬀerence (which is stationary), is
unable to capture potentially major trends or level shifts in the price, an
issue of particular interest to us. We use Hamilton’s regime switching ﬁlter
(Hamilton 1988, 1989, 1990, 1994) in a simple univariate conditional (rolling
exponentially weighted (co)variance, i.e. non-GARCH) CAPM for the World
(and US) stockmark et to search for any signiﬁcant level shift in the price
of market risk and determine the approximate time of its occurrence. The
prices of market and currency risk are restricted to change at the same
point in time. The technique of using dummies in a GARCH model has
been adopted before by Lamoreux and Lastrapes (1990), but in a diﬀerent
context and for a diﬀerent parameter, as they let the constant term of the
GARCH parameters in a univariate model switch through dummies. iii)I n
the third speciﬁcation, we abandon the exogenous instrument speciﬁcation
of the price of market risk (while retaining the level shifts), and instead look
for ways to endogenize the time variation of the price of market risk. We
propose a simple model in which this price is a function of elements of the
conditional covariance matrix. Interestingly, this simple model performs as
well as, if not better than, the models with exogenous instruments.
4.2.1 Time variation through instruments only
In this section we estimate international CAPM with time varying price
of market risk and constant prices of currency risk. Time variation in the
price of market risk is modelled by specifying a functional form and a set of
instruments as arguments.
4.2.1.1 Choice of functional form and instruments. To ensure a
positive price of market risk, as advised by Merton (1980)12, the price is
typically modelled as an exponential function of the instruments, i.e. the
log of the price is a linear function of the instruments. We, too, opt for the
exponential form, but acknowledge that it is ad hoc and lacks theoretical
foundation13.
12Merton (1980) says that ”... the non-negativity restriction of the expected excess
return should be explicitly included as part of the speciﬁcation”.
13The exponential form is not invulnerable to criticism. In the absence of an under-
lying theory for the functional form of the price of market risk, any functional form,
including the exponential, is necessarily ad hoc or arbitrary. Moreover, from an econo-
m e t r i cv i e w p o i n t ,o n ec o u l dp o s s i b l ya l s oq u e s t i o nt h en e e df o r ,o re v e nl e g i t i m a c yo f ,
the non-negativity restriction when using high frequency (weekly) data. Would a more
appropriate (joint) test of the international CAPM (and the models for price of market
risk and conditional covariance matrix, GARCH) be whether the price of market risk is
positive in the (rolling) mean, or in a smoothed sense, rather than at every point in time
35We have already identiﬁed ﬁve possible sets of instruments which satisfy
our selection criteria (stationarity and low mutual unconditional correla-
tions, see Section 4.1.2). These sets are derived from information variables
commonly used in the literature, and are often referred to as global informa-
tion variables, since they are used to model the price of market risk, which
is not country speciﬁc14 (Harvey 1991; Bekaert and Hodrick 1992; Campbell
and Hamao 1992; Ferson and Harvey 1993, 1994; Harvey, Solnikand Zhou
1994; Bekaert and Harvey 1995; De Santis and Gerard 1997, 1998; De San-
tis, Gerard and Hillion 1998). The ﬁve sets are (∆ denoting ﬁrst diﬀerence):
1) ∆(World dividend yield), ∆(US term premium), ∆(US default spread);
2) ∆(World dividend yield), ∆(US riskfree rate), ∆(US default spread); 3)
∆(World dividend yield in excess of US riskfree rate) and ∆(US default
spread); 4) ∆(US term premium) and ∆(US default spread); and 5) ∆(US
riskfree rate) and ∆(US default spread). All sets include a constant term
which, because of the exponential form, is absorbed into the proportionality
factor multiplying the exponential (￿0 below). Note that the requirement of
stationarity leads us to consider only ﬁrst diﬀerences15.
The ﬁve possible sets of information variables amount to ﬁve diﬀerent
models for the price of market risk. We have evaluated all ﬁve models. How-
ever, it turns out to be extremely diﬃcult to successfully estimate models
with more than one instrument. As already noted, the problem is that the
covariance matrix of the parameters fails to invert, implying that the stan-
dard errors of the parameters cannot be estimated. This failure appears to
be related to the exponential form of the price of risk; if we instead specify a
linear form, models with three instruments can be successfully estimated. An
interesting by-product of these linear "test-models" is that only the change
in the World dividend yield (∆DY) is signiﬁcant at the 5% level. None
(every week)? In other words, should one allow for statistical ﬂuctuations, or noise, which
might aﬀect the prices of risk (and not only the error terms) in high-frequency data like
ours? The obvious fact that the chosen model for the price of risk can only be, at best,
a simpliﬁed version of the ”true” model, seems to reinforce the argument that CAPM
should ideally be tested on the basis of the statistical properties of the price of market
risk (rolling mean and standard deviation), and not on single high-frequency central-value
measurements. Finally, one should be aware of research by Boudoukh, Richardson and
Smith (1993), who ﬁnd that the ex ante risk premium can in fact be negative under spe-
cial conditions, characterized by periods of high expected inﬂation and downward-sloping
term structures.
14Prices of currency risk, on the other hand, are typically modelled by local information
variables, speciﬁc to the currency, being the change in the real local risk free rate in excess
of the real US risk free rate.
15In contrast, De Santis and Gerard (1997, 1998) and De Santis, Gerard and Hillion
(1998) use a mix of levels (World dividend yield in excess of US risk free rate, and US
default spread) and ﬁrst diﬀerences (US term premium and US risk free rate) in their
speciﬁcation of the price of market risk.
36of the other candidate instruments (∆EDY, ∆B2S, ∆USTP, ∆USRF)
are signiﬁcant at any conventional level. Since this is the case for a linear
speciﬁcation, it is likely (but not certain) to be the case for an exponential
speciﬁcation as well. For these reasons, we postulate the following simple
exponential model for the price of market risk:.
￿￿￿￿ = ￿0exp(￿1∆DY￿) (10)
where ￿0 and ￿1 are coeﬃcients to be estimated, and ∆DY￿ is the weekly
change in the World dividend yield (annualized). If a single exogenous in-
formation variable may seem overly restrictive, it is interesting to note that
Dahlquist and Sallstrom (2002), too, use only one variable, the excess World
dividend yield, to specify a conditional version of international CAPM.
4.2.1.2 Estimation results. To estimate international CAPM with time
varying price of market risk and constant prices of currency risk, we replace
￿￿ in equation 6’ with ￿￿￿￿ deﬁned by equation 10. This amounts to lagging
the price of market risk, and thus the instrument, by one period with respect
to the realized returns.
The results are shown in Table 6. We ﬁrst note that the ARCH/GARCH
parameters ￿￿ and ￿￿, and their standard errors, have not changed much by
the switch to time varying price of market risk, indicating a high degree
of stability or robustness of results. Again, we verify that the covariance
matrix process is stationary, as ￿￿ and ￿￿ satisfy the Bollerslev conditions
￿￿￿￿ + ￿￿￿￿ ￿ 1￿￿￿￿ =1 ￿￿￿￿￿9. For the price of market risk, we ﬁnd that the
coeﬃcient ￿0 has t-value greater than 2, and a central value close to the
constant price of the previous model. The coeﬃcient ￿1, which determines
the degree of time variation, is highly signiﬁcant, with a t-value greater than
3. Its positivity indirectly implies that the global average riskaversion tends
to increase during world recessions and decrease when the world economy
is strong (see discussion about the dividend yield in relation to the business
cycle in Section 3.2.1 ). This implicit result is in agreement with previous
ﬁndings for the stockand long-term bond mark ets (Fama and French 1989).
As for the constant prices of currency risk, they are largely unaﬀected by
the switch to time varying price of market risk (another sign of robustness).
They are still not statistically signiﬁcant at the 5% level.
Table 7 shows the results of Wald (and Likelihood Ratio) hypothesis tests
of the estimated parameters. First we test the null hypothesis that the price
of market risk is zero (H0: ￿0=0), i.e. that market risk is not priced. We
37reject this null (at 5% signiﬁcance level). This result is in fact corroborated
by a Likelihood Ratio test, this time at the 1% signiﬁcance level. We also
test the null that the price of market risk is constant (H0: ￿1=0). The
Wald test rejects the null at the 1% signiﬁcance level. Next we test the null
hypotheses that the prices of currency riskare zero, individually as well as
jointly. We cannot reject at the 5% level (or at any conventional level) either
of these hypotheses. Finally we test the null that all prices of riskare jointly
equal to zero (H0: ￿0=￿￿￿ ￿=￿￿￿￿￿=0). We cannot reject this null at the
5% signiﬁcance level (p-value is 0.2113).
It thus appears that introducing time variation in the price of market
riskthrough the selected instrument and functional form has a "positive"
eﬀect on the signiﬁcance of the estimated price of market risk: unlike be-
f o r e ,w en o wunambiguously reject at the 5% level the null that the price
of market risk is zero. However, we still cannot reject the null that it is
zero jointly with the two prices of currency risk. These two ﬁndings seem
contradictory. A prudent approach is to emphasize the joint test. Given this
strict requirement, one must conclude that there is insuﬃcient evidence for
international CAPM (as speciﬁed here), in the sense that we cannot reject
at any conventional signiﬁcance level the null hypothesis that none of the
three riskpremia are relevant (p-value is 0.2113).
The time evolution of the price of market risk is shown in Figure 3, both
unsmoothed (weekly frequency) and smoothed (13-week rolling average, as
well as Hodrick-Prescott ﬁltered). The average price (9.51), also shown, is
close to the value obtained in the previous model with constant price of
market risk. There is some notable structure in the price of market risk. It
is seen to be particularly high during the emerging market liquidity crisis
of July-October 1998 (Russia defaulted on debt in August 1998). There is
also a less pronounced rise in the late summer/autumn of 1997, when the
Asian crisis erupted. Since the second half of 1999, the price of market
riskshows again increased volatility. The year 2000 is remembered for the
bursting of the IT and telecom bubbles, and the subsequent global stock
market declines. It thus seems that this simple model for price of market
riskis sensitive to some of the shock s that have hit international ﬁnancial
markets in recent years.
We also note that the price of market risk does not exhibit any signiﬁcant
trend or structural change; rather, it oscillates around the mean. However,
one should be careful with drawing the conclusion that the price of market
riskhas been trendless, or without major struct ural changes, throughout the
1990s. The reason is that our model for the price of riskis not able to describe
such behaviour, given the choice of explanatory variable. More precisely,
38since we use a ﬁrst diﬀerenced variable, a trend or structural change can only
be produced if the ﬁrst diﬀerence shows a trend or structural change, i.e. if
it ﬂuctuates around a mean which is trending or shifting. But that would
amount to non-stationarity of the ﬁrst diﬀerence, which our explanatory
variable does not exhibit (see Table 2 Panel A). Thus, we have eﬀectively
assumed away any trends or structural changes in the price of risk. Another
model is needed to explore such behaviour. We investigate such a model,
incorporating a structural shift, in the next section.
Because of the signiﬁcant time variation of the price of market risk, the
market risk premia for the nine assets now show considerably more time
variation than they did in the previous model with constant price of market
risk, and this larger variation shows up, of course, in the expected excess
returns. However, volatile periods tend to coincide in the two models16.
Moreover, the smoothed market risk premia, and expected excess returns, are
very similar in the two models, showing largely the same structure and trends
(although the amplitudes are, naturally, somewhat larger in the time-varying
model.). In particular, we again ﬁnd an upward trend in the expected excess
returns on US and European stocks (and the World market portfolio) in the
second half of the 1990s, in part due to high market risk premia in the second
half of 1998 and in mid-2000. Because of this close similarity in (smoothed)
time variation, we ﬁnd it unnecessary to present the graphs of the expected
returns and their component riskpremia here.
4.2.1.3 Speciﬁcation tests. We perform the same two sets of speciﬁca-
tion tests as we did for the model with constant price of market risk. In the
ﬁrst set, we checkthe distributional statistics of the normalized residuals ￿￿￿￿
and their squares (Table 8 Panel A). Again we have marked with stars any
signiﬁcant (1 and 5% level) deviations from iid ￿(0,1), measured by excess
kurtosis and the Jarque-Bera test statistics, and signiﬁcant autocorrelation.
A striking result is that the values are essentially unchanged by the intro-
duction of time varying price of market risk (compare with Table 5). The
only diﬀerence of statistical signiﬁcance is that time variation in the price of
market risk appears to have removed the previously signiﬁcant autocorrela-
tion in the normalized residuals up to lag 36 in the US stockmark et, and in
the square of the normalized residuals up to lag 36 in the European stock
market. But these are minor diﬀerences, and one must conclude that the
normalized error terms are largely unaﬀected by the move to time varying
16At a more detailed level, the model with time varying price of market risk appears
to capture volatility in the market risk premia (and, consequently, in the expected excess
returns) slightly ahead of the constant-risk-price model, and closer in time to actual
ﬁnancial crises such as the Russian liquidity crisis.
39price of market risk. The conclusions are therefore basically the same as be-
fore: the Japanese stock market shows a signiﬁcant negative shift from zero
in the normalized residuals; and, based on the Jarque-Bera test, we reject
the null hypothesis of normality for all but three of the assets (European
stocks and bonds, and World market portfolio). In short, our model does
not pass this speciﬁcation test in the sense of strictly fulﬁlling the criteria
of iid ￿(0,1) distributions.
In the second test, we as usual regress the non-normalized residuals on
the ﬁve chosen sets of information variables (Section 4.1.2). Running ﬁve
regressions for each residual, on each of the ﬁve sets lagged by one period,
and Wald testing the null hypothesis that all regression coeﬃcients (except
!0) are jointly equal to zero, we obtain the results shown in Table 8 Panel B.
They are seen to be very similar to the earlier results obtained with constant
price of market risk (Table 5). However, there is one improvement, as we no
longer reject the null hypothesis that the instruments have no explanatory
power for the residuals of the Japanese bond market. Hence, the instruments
now have signiﬁcant (5% level) explanatory power only for Japanese stocks
and EuroYen deposits.
4.2.2 Time variation through instruments and level shift
We have seen that the change in World dividend yield does not produce ma-
jor shifts or trends in the price of market risk. To look for such structure,
other techniques must be called upon. Three methods readily present them-
selves: i) a Hamilton regime switching ﬁlter, which might identify two states
and their probability weighted averages; ii) a Kalman ﬁlter, which could be
used to estimate a simple autoregressive model for the price of riskwithin
CAPM; and iii) dummy variables, which allow for structural changes in the
form of level shifts. Concerning the Hamilton ﬁlter, there is a large litera-
ture describing the diﬃculties associated with estimating regime switching
GARCH models, and in particular parameter rich multivariate ones of high
dimensionality; we refer to workby Cappiello and Fearnley (2000) for details.
Because of the high dimensionality of our model (9-variate), we consider the
technique to be beyond the scope of this paper, and attach the sticker "fu-
ture research" to it. Earlier workon switching prices of riskcenters on
domestic CAPMs of lower dimensionality and fewer factors (Chauvet and
Potter 1998, and Cappiello 1999, 2000). The Kalman ﬁlter has been applied
to a univariate GARCH-in-mean CAPM, for weekly US stock market data
from 1928-1987, by Chou, Engle and Kane (1992). Modelling the price of
riskas a random walk , they ﬁnd that the price of riskvaries signiﬁcantly
over time, and even becomes temporarily negative. While we interpret their
results as another indication of a highly volatile price of risk, we ﬁnd the
40random walkassumption somewhat ad hoc, rendering the technique partic-
ularly vulnerable to mis-speciﬁcation of the model17. We are thus left with
the third alternative, namely dummy variables which allow for level shifts
in the price of risk.
4.2.2.1 Model speciﬁcation and estimation results. The weakness
of a dummy variable approach is, of course, that the points in time of the
structural changes are unknown. It has to be speciﬁed by the econometri-
cian, introducing an element of arbitrariness. Indeed, the riskof falling into
a data mining trap is non-negligible. We propose a technique designed to
minimize this risk: let a Hamilton regime switching ﬁlter determine the ap-
proximate time of structural changes, if any (for a detailed presentation of
the Hamilton regime switching ﬁlter, see Hamilton 1988, 1989, 1990, 1994).
In other words, we specify a simpliﬁed version of the conditional interna-
tional CAPM with regime switching price of market risk. A simpliﬁcation
is necessary if we want to avoid estimating a regime switching multivariate
GARCH-in-mean model. We therefore specify a univariate, non-GARCH
conditional international CAPM for the World market portfolio, without
currency risk. Conditionality, or time variation of the variance of the World
market portfolio, is obtained by calculating the rolling variance within a win-
dow of speciﬁed width, while exponentially dampening past observations.
More speciﬁcally, using Quasi Maximum Likelihood (QML) and the Hamil-
ton regime switching algorithm, we estimate the following regime switching
model with two distinct states "￿ = #, where # = 1￿2:
￿￿￿￿￿￿+1 = ￿
(￿)
￿ · ￿￿$(￿￿￿￿￿￿+1|Ψ￿) + ￿
(￿)
￿+1￿# =1 ￿2 (11)
where ￿￿￿￿￿￿+1 is the realized excess return on the World market portfolio
at time ￿+1; ￿
(￿)
￿ is the price of market risk18 in regime (state) #; ￿
(￿)
￿+1 is the
corresponding error term at time ￿+1 when ￿￿ is in regime # (or more cor-
rectly: was, at time ￿); and ￿￿$(￿￿￿￿￿￿+1|Ψ￿) is the conditional variance of
the excess return on the World market portfolio The latter is modelled as a
rolling variance with exponential dampening of past observations. We choose
a window width and dampening factor which give well-behaved convergence
17The same criticism can be directed against our exogenous instrument (change in
World dividend yield). However, a model using this business-condition explanatory vari-
able arguably has more economic content than a random walk model.
18We use subscript small ￿ instead of our usual notation capital ￿, in order to dis-
tinguish this simple and rough estimate of the price of market risk (￿￿)f r o mo u rm o r e
elaborate estimates (￿￿) of this price, which are obtained using the full multivariate
GARCH-in-mean international CAPM with currency risk.
41and estimation results, in particular non-zero and non-unity Markov proba-
bilities and high t-values for at least one of the states of the price of market
risk. Satisfactory results are obtained with a window width of 10 observa-
tions (weeks), and an exponential damping factor of 0.5 (corresponding to
a half-life of about 1.4 weeks). The log-likelihood function, which depends

















where % ("￿ = #|Ψ￿−1;θ) is the ex ante probability of being in state # at
time ￿, conditional on information at time ￿−1, and &￿ (·|·) is the conditional
































￿￿￿ is the unconditional variance19 of the World market portfolio
in state #. The ex ante probability % ("￿ = #|Ψ￿−1;θ) is a function of the
conditional normal density &￿ (·|·) and the Markov transition probabilities,
which we estimate, denoted ￿ and ’:
% ("￿ =1 |"￿−1 = 1) = ￿￿ % ("￿ =1 |"￿−1 =2 )=1− ’￿
% ("￿ =2 |"￿−1 =1 )=1− ￿￿ % ("￿ =2 |"￿−1 =2 )=’ (14)









￿￿￿ ￿’ ). The estimated parameters are shown in Table 9 Panel
A. The price of market risk is seen to be signiﬁcant at the 5% level in state
"￿ =1(t-value is 2.060), which turns out to be the high-price state. Also, the
unconditional variances are highly signiﬁcant. However, using a Wald test,
19Unlike the QML estimation of the multivariate GARCH-in-mean international
CAPM, we here use the unconditional variance (which is estimated for each regime),
and not the conditional one, in the log-likelihood function. The reason is that we do not
obtain convergence when using the conditional variance in the log-likelihood function.
The likely explanation is that the rolling variance is not state-dependent. The GARCH-
modelled conditional covariance matrix is, in contrast, state dependent (through the
ARCH/GARCH terms).
42we cannot reject at the 5% signiﬁcance level the null hypothesis that the two
states of the price of market risk are the same (we reject it at the 12% level).
Nor can we reject the null that the Markov probabilities are equal to unity20.
Still, the results do seem to indicate the existence of two distinct regimes,
albeit not at the 5% signiﬁcance level. In fact, high precision estimates can
hardly be expected from this simple model. One notices that the high price
of market risk is coupled with a low unconditional variance, and vice versa.
As a consistency check, we do the same analysis for the excess return on




￿ · ￿￿￿(￿￿￿￿￿￿+1￿￿ ￿￿￿￿￿+1|Ψ￿)+￿
(￿)
￿+1￿# =1 ￿2 (15)
where ￿￿￿(￿￿￿￿￿￿+1￿￿ ￿￿￿￿￿+1|Ψ￿) is the rolling covariance between the returns
on the US stockmark et ( ￿￿￿￿￿￿+1) and the World market portfolio, again
with exponential dampening of past observations (same window width and
exponential damping factor as before). The estimation results are shown in
Table 9 Panel B. The results are qualitatively similar to the previous results.
However, we now can reject at the 1% signiﬁcance level the null hypothesis
that the two states of the price of market risk are identical. On the other
hand, we still cannot reject the null that the Markov probabilities equal one.
We are primarily interested in the time distribution of the price of mar-
ket risk, which is given by the time dependent probability of being in state
"￿ = 1 (the probability of being in state 2 is one minus the probability of
being in state 1). Instead of using the ex ante probability, we calculate the
smoothed probabilities of being in state 1. The advantage of using smoothed
probabilities is that they contain information from the whole data sample,
since they are calculated iteratively from the last observation backwards in
time, once all ex ante probabilities have been evaluated. We use an al-
gorithm due to Kim (1994) and adopted by Hamilton (see Cappiello and
Fearnley 2000). The resulting time varying smoothed probability of being
in regime 1 (high price of market risk) is shown in Figure 4, for both the
World market portfolio and the US stock market. The results are strik-
ing: the probability drops from near 1 to near zero over a short time span.
20If a Markov probability equals one, the switching parameter will always be trapped
in one of the states. This eﬀectively rules out regime switching.
43More precisely, the World market portfolio model indicates that the price of
market risk starts to fall quite abruptly during the autumn of 1997 (despite
the Asian crisis!), to reach its low state in January 1998. The US stock
market model implies that this drop occurred some six months earlier. We
also show the resulting probability-weighted price of market risk (weighted
by the smoothed probabilities), which of course has the same structure as
the smoothed probability. The mean value over the whole period is 6.46
according to the World market portfolio model, and 10.92 according to the
US stockmark et model, which are roughly of the same magnitude as the val-
ues previously obtained with the full-ﬂedged multivariate GARCH-in-mean
international CAPM with currency risk.
The above results have to be taken with a grain of salt. Nevertheless,
we will exploit them. They will guide us when delineating the hypothesized
structural change which we intend to capture by means of a dummy vari-
able within the full-ﬂedged GARCH-in-mean international CAPM. In fact,
the results suggest that one single breakpoint (structural change) may be
suﬃcient. However, our two regime switching models, for the World market
portfolio and the US stockmark et, have identiﬁed a structural change at
diﬀerent points in time, separated by about 6 months. We have tested both
breakpoints within the full GARCH-in-mean international CAPM with cur-
rency risk, and the conclusion is that the break point suggested by the World
market portfolio gives the best estimation results, in terms of successful in-
version of the parameter covariance matrix, and high ￿ and Wald statistics.
The following results are therefore based on this breakpoint (9 January 1998,
or 261st observation, i.e. ￿ = 261).
When specifying the model for the price of market risk, we retain the
change in the World dividend yield as the exogenous information variable,
since this was seen to be highly signiﬁcant (Tables 6 and 7). Moreover, we
will also allow the prices of currency riskto change level, at the same point
in time. For the price of market risk, the level shift is introduced in the
coeﬃcient ￿0. We thus specify the following models for the prices of risk,







































where D￿ is a 2 × 1 dummy vector which allows for a structural change in




[1 0] ￿￿ ≤ 260 ( −→ 2 January 1998)
[0 1] ￿￿ ( 260 (9 January 1998 −→ ) (17)
Given this notation, the superscript (1) denotes the period up to and in-
cluding 2 January 1998, and the superscript (2) denotes the period after.
To estimate international CAPM with these prices of risk, we replace ￿￿,
￿￿￿ ￿ and ￿￿￿￿￿ in equation 6’ with the above time-varying and/or level-
shifting prices. The estimated parameters are shown in Table 10. One ﬁrst
notices that the ARCH/GARCH parameters ￿￿ and ￿￿ again are largely un-
aﬀected by the new speciﬁcations for the prices of risk. They still satisfy
the Bollerslev stationarity conditions ￿￿￿￿ + ￿￿￿￿ ￿ 1￿￿￿￿ =1 ￿￿￿￿￿9. The
key observation, however, is that the drop in the price of market risk after
2 January 1998 is reproduced in this full analysis, the central value of the
price being more than halved. We now turn to the statistical signiﬁcance of
these results.
Wald hypothesis tests are presented in Table 11. Like in previous models,
we cannot reject at any conventional signiﬁcance level the null hypothesis
that all the prices of riskare jointly equal to zero across the two periods
(p-value is 0.3098). We lackevidence for a structural shift in the price
of market risk at the 5% signiﬁcance level, but there is evidence at the
16% level. There is again strong evidence for time variation of the price
of market risk through the selected information variable (change in World
dividend yield), as we reject the null hypothesis of zero time variation at the
1% signiﬁcance level (p-value is 0.0006).
Figure 5 shows the resulting price of market risk across time (weekly, 13-
weekrolling average, Hodrick -Prescott smoothed, and average). The global
average has increased to 12.03, up from 9.51 in the previous time-varying
model without structural change. Before the level shift the average value is
4514.85; after the shift the average falls to 7.53. Two major "towers" can be
seen in the time distribution, in the periods August to December 1997, which
coincides with the Asian crisis, and July to October 1998, which covers the
emerging market liquidity crisis. After the latter, the price of market risk
levels oﬀ at around 7. According to this model there is no particular reaction
to the bursting of the IT and telecom bubble or the subsequent stockmark et
declines in 2000 and 2001.
The expected weekly excess returns are shown in Figure 6. Despite the
structural fall in the price of market risk in January 1998, the expected excess
return shows an upward trend for the US stockmark et, essentially driven
by increasing correlation with the World market portfolio, as evidenced by
the rising market risk premium (Figure 7). The latter, however, shows large
swings in the second half of the 1990s, reﬂecting the ﬁnancial crises in this
period. There is a steady rise until the autumn of 1997 (Asian crisis), fol-
lowed by a fall in the spring of 1998 (largely due to the drop in the price
of market risk), and another rise in autumn 1998, culminating in Septem-
ber/October 1998, the time of the emerging market liquidity crisis. After
yet another rapid fall in spring 1999, there is a new rise in the autumn, peak-
ing in April/May 2000, precisely when Nasdaq collapsed. Hence, although
the bursting tech bubble is largely invisible in the price of market risk, it
shows up in the market risk premium of US stocks through the covariance
structure. The expected excess returns on Japanese and European stocks
also peakin 1997 and 1998, but one cannot discern any clear upward trend,
essentially because the market risk premia have been relatively small since
summer 1999 (less aﬀected by the bursting tech bubble than the US stock
market). As for currency risk, the Yen (ECUB) risk premium comprises a
non-negligible part of the expected excess return on Japanese (European)
stocks.
In the bond markets the expected weekly excess returns are at times
negative. This can occur when correlations with the World market portfolio
are negative (providing large diversiﬁcation beneﬁts), or when the sum of
the two currency riskpremia are large (relative to mark et riskpremium) and
negative (either due to negative prices of currency risk, or negative correla-
tions with the Eurocurrency deposit returns). Figure 7 shows the relative
importance of these components. Currency riskpremia contribute signiﬁ-
cantly to expected weekly excess returns only for Japanese and European
bonds. We notice that expected excess returns on US bonds become neg-
ative during the emerging market liquidity crisis in summer/autumn 1998,
essentially due to negative market risk premia, or negative correlations with
the World market portfolio. This eﬀect captures a ﬂight to quality, which
drove down yields on US Treasuries at a time when the US stockmark et
46fell (August and September ’98). For European bond markets a similar phe-
nomenon occurred during the Asian crisis (autumn 1997), and the expected
excess return has been mostly in negative territory since then.
A ﬁnal comment about the size of the riskpremia. In 1996 the Fed-
eral Reserve worried about the rising US stockmark et, and in December
1996 Greenspan issued his famous warning about "irrational exuberance".
According to our estimates (which are based on a rational model!), in the
autumn 1996 expected excess returns on US stocks were about 0.2% on
weekly basis, or about 10% annualized. Meanwhile, expected excess returns
on US bonds were about 0.05% weekly or 2.5% annualized. For a long-term
investor it may be appropriate to deﬁne the equity riskpremium as the dif-
ference between stockand (long) government bond returns. Our estimates
imply that this equity riskpremium was about 7.5% annualized shortly
before Greenspan’s warning. This is a high equity riskpremium in a US
historical context21. We must conclude that our model does not support the
hypothesis that the US equity riskpremium had become dangerously low in
late 1996. However, if the markets were in fact irrational (which we have not
been able to rule out at the 5% signiﬁcance level, since we cannot reject the
null that all the prices of riskin the international CAPM are jointly equal
to zero, see discussion above), our model is not applicable and we cannot
tell whether the ex ante riskpremia were high or low in 1996.
4.2.2.2 Speciﬁcation tests. The results of our standard speciﬁcation
tests are shown in Table 12 (Panels A,B). Comparing Panel A with Table
8 Panel A, we see that the normalized errors, in levels and squared, have
not changed signiﬁcantly by incorporating a structural change in the prices
of risk. Hence the previous conclusions still hold. Panel B shows that
the ﬁve (one-period lagged) sets of instruments have signiﬁcant (5% level)
explanatory power for Japanese stocks and EuroYen deposits, a result which
we also obtained with the previous time-varying model speciﬁcation. In
short, the structural level shift in the prices of riskhas not altered the
overall characteristics of the error terms.
4.2.3 Can the instrument be endogenized?
As already pointed out, the technique of introducing time variation in the
prices of riskthrough selected exogenous information variables can be criti-
21Siegel (1998) ﬁnds that the mean ex post risk premium on US stocks (nominal return
in excess of US government bond returns) was 3.6% in the period 1802-1997. For the
period 1926-1998, US stock and government bond (total) return indices from Ibbotson
Associates indicate an ex post equity risk premium of about 5.5%. Finally, a recent study
by Dimson, Marsh and Staunton (2001) reveals that the mean ex ante (expected)e q u i t y
risk premium in USA was 4.0% in the period 1900-2000.
47cized on the basis of being ad hoc and, some would say, tantamount to data
mining. We have explored the possibility of endogenizing the time variation
of the price of market risk, by using available (past) information within the
GARCH-in-mean international CAPM itself. Since the source of time vari-
ation in this type of model is the conditional covariance matrix (apart from
the time varying prices of riskthemselves), the search for alternative, en-
dogenous explanatory variables can be limited to the elements of this matrix,
and transformations thereof, and, more speciﬁcally, to the elements of the
matrix which can plausibly inﬂuence investors’ riskaversion 22. For instance,
while it seems unlikely that the covariance between, say, USD denominated
European bond returns and EuroYen deposit rates will play a major role
in determining the global average riskaversion, it is more lik ely that the
variance, or maybe the standard deviation, of the World market portfolio,
or possibly the US stockmark et, will be of importance 23.
4.2.3.1 Model speciﬁcation and estimation results. We have inves-
tigated a number of plausible candidates for endogenous information vari-
able, in particular the relative change in conditional standard deviation of
the return on the World market portfolio, and the US stock market, as well
as the corresponding relative change in conditional variances. Both mod-
els with and without level shift in the prices of market and currency risk
(through dummies) have been tested, although models with exogenous level
shifts are admittedly not fully endogenized. Such ”semi-endogenous” mod-
els will, however, allow for possible structural changes not captured by the
endogenous variable.
We select the model with the highest explanatory power, in the sense
of having the highest Wald statistics (lowest p-value) when testing the null
hypothesis that the price of market risk is equal to zero. The selected model,
it turns out, incorporates the (gross) relative change of the conditional US
stock market variance as endogenous information variable, as well as level
shifting prices of risk. More precisely, the prices of risk are speciﬁed as
follows:
22Alternatively, one could specify an autoregressive model for the prices of risk. Chou,
Engle and Kane (1992), for example, specify a random walk. However, it can be argued
that this approach does not yield fully endogenous prices of risk, since the innovations
(shocks) are exogenous.
23In the absence of any theory linking risk aversion to any element of the covariance
matrix (or transformation thereof), the search for endogenous variables and appropri-














































where D￿ is the 2 × 1 dummy vector of the previous level shifting model
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(17’)
and (H￿+1[1￿1] | Ψ￿) is the conditional variance of the US stock market
for time ￿ + 1, conditional on the information set Ψ￿ available at time ￿
(or H￿+1[1￿1] in our usual condensed notation, see equation 8). Note that
equation 18 is linear in the endogenous variable; it is the ￿￿) function that
ensures a positive price of market risk at every point in time. Hence, we
now dispense with the (ad hoc) exponential form.
The estimated parameters are shown in Table 13. The ARCH/GARCH
parameters ￿￿ and ￿￿, and their standard errors *￿ are again remarkably
stable, as they are virtually unchanged from the values obtained in previous
models. The Bollerslev stationarity conditions ￿￿￿￿ + ￿￿￿￿ ￿ 1￿￿￿￿ =1 ￿￿￿￿￿9
are once more satisﬁed. The coeﬃcient ￿1, which is of particular interest to
us since it determines the signiﬁcance of our endogenous variable, is positive
and has a t-value of about 1.57. The coeﬃcient has the sign one would
naively expect it to have: a rise in conditional variance causes the risk
aversion to increase. The values of the prices of currency riskare close to
those obtained in the previous (exogenous) level-shifting model, another sign
of robustness.
Wald hypothesis tests are shown in Table 14. We are now able to reject
at the 10% signiﬁcance level the null hypothesis that all prices of risk are
49jointly equal to zero across the two periods. This is clearly the best result
obtained so far. However, this result does not rule out the possibility that
the price of market risk is zero in period 1 or period 2 or in both. According
to the hypothesis tests for the price of market risk alone, we reject (at the
1% level) the null that the price of market risk is zero in period 1, but not in
period 2 (p-value is 0.2911). Consequently, we only ﬁnd support (at the 10%
signiﬁcance level) for the international CAPM in period 1. In this period,
even Yen riskis priced at the 10% signiﬁcance level. We lackevidence for a
structural shift in the price of market risk at the 5% signiﬁcance level, but
there is evidence at the 20% level. Notice, however, that the endogenous
information variable is not signiﬁcant at the 5% level; the null hypothesis of
zero time variation in the price of market risk has a p-value of 0.1175. We
are therefore reluctant to conclude that this endogenous market risk price
model dominates the other exogenous models.
Figure 8 shows the price of market risk, which, interestingly, at no point
in time goes to zero. Hence the ￿￿) function in equation 18 is never binding,
i.e. the argument, which is the unbounded price of market risk, is consis-
tently positive over the whole sample period. As equation 18 shows, this is
not by construction. The price of market risk is seen to be less volatile than
in the previous models, the reason being that the functional form is not an
exponential. For instance, there is no particular market risk price volatility
during the Asian crisis (autumn 1997). Still, the emerging market liquidity
crisis of 1998 and the bursting tech bubble of 2000 are clearly visible. The
overall average is 11.84, which is very close to the value obtained with the
previous level-shifting speciﬁcation. Before the level shift the average value
is 16.28; after the shift the average falls to 4.76. Although this drop is not
signiﬁcant at the 5% level (Table 14), it is striking that it is qualitatively
reproduced by yet another model speciﬁcation.
The expected weekly excess return distributions turn out to be largely
similar to the distributions obtained with the previous level-shifting model.
The one exception is the distribution of the US stockmark et, which was
seen to trend upwards in the previous models; in the current model this
trend is much less pronounced, as seen from Figure 9 (which also shows the
expected weekly excess returns on the US bond market). The period since
summer 1998 is seen to be particular volatile.
The "semi-endogenous" model presented here raises some profound ques-
tions, which we will not attempt to answer here. Why should the variance of
the US stock market, in an increasingly integrated global ﬁnancial market,
be the sole determinant of the price of market risk? Why not the variance
of the World market portfolio instead? Indeed, why variance at all? Is
50the endogenization of the price of market risk a realistic proposition and a
meaningful pursuit within a multivariate GARCH-in-mean model? Have we
simply fallen into another data mining trap? One should be aware, however,
that some of these questions are equally relevant for the choice of exogenous
information variables.
4.2.3.2 Speciﬁcation tests. The results of the usual speciﬁcation tests
are shown in Table 15 (Panel A,B). The normalized errors in levels and
squared have changed very little by endogenizing the price of market risk
(Panel A). The only diﬀerence worth noting is that we now reject the null
hypothesis that there is zero autocorrelation up to lag 36 in the normalized
residuals of the US stockmark et. Apart from that, the previous conclusions
hold: the Japanese stockmark et shows a signiﬁcant negative shift from zero
in the normalized residuals; and, based on the Jarque-Bera test, we reject
the null hypothesis of normality for all but three of the assets (European
stocks and bonds, and World market portfolio). Hence the model does not
fulﬁl the criteria of iid ￿(0,1) distributions for all the asset classes. Panel
B shows that for Japanese stocks and bonds (the usual culprits), as well as
EuroYen deposits, we reject at the 5% signiﬁcance level the null hypothesis
that the chosen sets of instruments (one-period lagged) have no explanatory
power for the non-normalized residuals.
4.3 Inference sensitivity to the exclusion of bonds
We end this section by checking the sensitivity of the above model speciﬁca-
tion inferences, or hypothesis test results, to the exclusion of bonds. There
are two ways to re-specify the international CAPM without bonds, amount-
ing to, respectively, partial and complete exclusion of bonds: i) Specify
pricing equations for only stocks and Eurocurrency deposits, but retain the
World market portfolio of stocks and bonds; and ii) Specify pricing equa-
tions for only stocks and Eurocurrency deposits, and redeﬁne the World
market portfolio by including only stocks (i.e. use the FTSE W World in-
dex). This two-step approach is in fact similar to Stambaugh’s (1982), who
studies the inference sensitivity of a domestic (US) CAPM to the inclusion of
asset classes besides stocks, either in the pricing equations, or in the market
portfolio, or both. In our speciﬁcations, we explicitly make sure that assets
appearing in the pricing equations, and which are in non-zero net supply
(stocks and bonds), are also included in the World market portfolio. Hence
we do not exclude bonds from the World market portfolio without excluding
bonds from the pricing equations as well. Apart from the partial or com-
plete exclusion of bonds, which reduces model dimensionality to six (three
national stock markets, two Eurocurrency deposits, and the World market
portfolio), the model speciﬁcations that we estimate are identical to those
51for stocks and bonds above. For example, the models with level shifting
prices of riskpresuppose a shift at the same point in time as in the models
with stocks and bonds (￿ = 261).
For the sake of brevity we do not present all the estimation results here.
Instead we focus exclusively on the hypothesis tests. More precisely, we
checkwhether the p-values, or 95% conﬁdence r ejection outcomes (Yes/No)
of the various Wald hypothesis tests, are diﬀerent when bonds are partially
or completely excluded.
4.3.1 Partial exclusion of bonds
All four model speciﬁcations have been reestimated after eliminating the
three bond assets from the pricing equations, while retaining the World
market portfolio of stocks and bonds. The estimation is successful for all
but one model speciﬁcation, which is the model with time varying price of
market risk through an exogenous instrument and level shift, and level shift
in the prices of currency risk. For this speciﬁcation the standard errors of the
parameter estimates cannot be calculated, because the covariance matrix of
the parameters fails to invert. For the other three model speciﬁcations, the
outcomes of the Wald hypothesis tests are identical to the outcomes obtained
when bonds were included in the pricing equations (Wald tests in Tables 4, 7
and 14), with one exception: in the model with time varying price of market
riskthrough an exogenous instrument and constant prices of currency risk ,
the price of market risk is no longer signiﬁcant at the 5% level, but only
at the 10% level. More precisely, the p-value for the null hypothesis H0:
￿0=0 is equal to 0.0603, whereas it was 0.0407 before (Table 7). This being
a minor diﬀerence, we essentially ﬁnd that the inferences are robust to the
partial exclusion of bonds. In contrast, Stambaugh (1982) ﬁnds that the
inferences were sensitive to the exclusion of assets in the pricing equations
of a domestic (US) CAPM.
4.3.2 Complete exclusion of bonds
When we exclude bonds from the World market portfolio as well, the results
are as follows. For the two model speciﬁcations incorporating level shift in
the prices of risk, the standard errors of the estimated parameters cannot
be calculated, again because of failure to invert the covariance matrix of the
parameters. For the two simpler model speciﬁcations, all the outcomes of
the Wald hypothesis tests are identical to those obtained with bonds in the
pricing equations and in the World market portfolio. This result reinforces
the apparent robustness of inferences to the exclusion of bonds. Stambaugh
(1982) ﬁnds similar robustness to the content of the market portfolio in the
domestic (US) CAPM.
52Notice, however, that while inferences seem quite robust to the exclu-
sion of bonds, the numerical estimation is less so. Only three (two) of the
four model speciﬁcations can be successfully estimated, i.e. yield standard
errors of the parameters, when bonds are partially (completely) excluded,
for reasons that are not clear.
535 Portfolio implications
So far we have evaluated four diﬀerent model speciﬁcations for international
CAPM with stocks and bonds. The hypothesis tests have not unambiguously
identiﬁed a "best" model. In fact, for the three ﬁrst models, employing a
constant or an exogenous information variable for the price of market risk, we
could not reject at any conventional signiﬁcance level the null hypothesis that
all prices of riskare jointly equal to zero. However, for the fourth model with
an endogenous information variable, we were in fact able to reject this null at
the 10% signiﬁcance level, but it turned out that the price of market risk is
signiﬁcant (at the 1% level) only for the period up to January 1998 ("period
1"). Moreover, the endogenous information variable is not signiﬁcant at the
5% level (only at the 12% level). Neither have the speciﬁcation tests of the
residuals resolved the issue of "best" model; all models were found to have
non-normal residuals for six of the nine assets (always the same), and the
chosen sets of instruments had signiﬁcant explanatory power in the case of
Japanese assets. Hence it is diﬃcult to reach a ﬁnal verdict as long as we
rely on hypothesis and speciﬁcation tests only.
We propose a set of additional tests based on out-of-sample portfolio per-
formance, which are in essence tests of out-of-sample forecasting power. Be-
sides subjecting the four diﬀerent model speciﬁcations to realistic and quan-
tiﬁable tests, the exercise is of obvious interest to portfolio managers, since
it addresses the question as to whether the international CAPM, through a
GARCH-in-mean speciﬁcation, can be used to take active positions to beat
the world market portfolio.
More speciﬁcally, we askthe following questions: i) Do the above model
speciﬁcations explain the assets’ observed time varying weights in the world
market portfolio, and which one does it best? This is eﬀectively an alter-
native way of testing the model’s consistency with observables. ii)I ft h e
modelled asset weights do deviate from the observed ones (which is likely),
do they imply out-of-sample under or overperformance relative to the mar-
ket? In other words, can we use the model to take active positions away
from the world market portfolio weights, and thereby beat the market, and
if so, which model speciﬁcation performs best? To answer these questions,
we compute what the model claims is the universally held log portfolio, at
weekly frequency. This investigation amounts to testing the forecastabil-
ity of international CAPM in its current form. It is a pragmatic approach
which recognizes and explores the possibility that one or more of our model
speciﬁcations could have exploitable forecasting power, despite the fact that
none of them have fully passed the statistical hypothesis and speciﬁcation
tests.
545.1 Universal log portfolio
In international CAPM, the optimal portfolio associated with the pricing








where ￿ runs across the ￿ + 1 countries (currencies), ￿ being the number
of exchange rates. wlog and w￿
￿ are two component portfolios, or (￿ +
1) × 1 vectors of weights, ￿ being the number of nominally risky assets
(including foreign currency holdings). The (￿ +1) ￿￿ weight is the weight of
the nominally riskless asset of the reference currency (riskless for the investor
whose home currency is the reference currency). The coeﬃcient ￿￿ is the
risk tolerance of the representative investor of country ￿. The portfolio w￿
￿
is country speciﬁc, whereas wlog is not, for reasons which will become clear
shortly. In a conditional setting, like ours, equation 19 holds at every point










We have enclosed the time subscript of the risktolerance in parenthesis
to markthat a speciﬁcation of a conditional inte rnational CAPM does not
necessarily involve a time varying price of market risk (which is the inverse
of the risktolerance).
The two conditional component portfolios wlog￿￿ and w￿
￿￿￿ are called the
log and hedge portfolio, respectively. In our notation for the conditional
covariance matrix (H￿+1, which is short for ￿(H￿+1|Ψ￿)) and for the vector
of expected excess returns (￿(R￿+1|Ψ￿)), the conditional log portfolio is












where 1 is an ￿ × 1 vector of ones. H
−1
￿+1￿(R￿+1|Ψ￿) is the ￿ × 1 vector
of weights of the nominally risky assets, in the same order as they appear
in our model speciﬁcation (US, Japanese, and European stocks and bonds,
respectively, and EuroYen and EuroECUB deposits). Hence ￿ =8(and
55consequently wlog￿￿ is a 9×1 vector)24. The last element of the vector wlog￿￿
is the scalar 1 − 1￿H
−1
￿+1￿(R￿+1|Ψ￿)￿ Since 1￿, the vector of ones, has the
eﬀect of summing up the elements of the ￿ ×1 vector H
−1
￿+1￿(R￿+1|Ψ￿),t h i s
scalar is in fact a residual weight, which together with the other ￿ weights
sum to one. This residual is the weight of the nominally riskless asset of
the reference currency, which is, given that USD is our reference currency,
EuroUSD deposits (or, more generally, 1-weekUSD deposits).
Concerning the timing in equation 21, we notice that the portfolio weights
wlog￿￿ are subscripted by ￿, whereas expectations are for the following period
(￿ + 1), conditional on information at time ￿. This means that the opti-
mizing investor takes positions at the same time as new information has
become available (￿) and he has formed his expectations for the next period
(￿+1); he then holds the assets according to these weights until next period
(￿+1), at which moment excess asset class returns R￿+1 are realized, which
translate into a realized portfolio return.
The log portfolio is universal, i.e. it is held by all investors irrespective
of nationality (or, more precisely, home currency). Moreover, it does not de-
pend on the choice of reference currency25. The reason why it is universal is
that it does not depend on local inﬂation rates; the price index separates out
in the objective function of the utility maximizing investor, and it therefore
only aﬀects the hedge portfolio w￿
￿. In international CAPM it is the diﬀer-
ences in expected local inﬂation rates, measured in the reference currency,
that produce heterogeneity in real return expectations across countries; ab-
sent these inﬂation rates, there is no heterogeneity (as if PPP were to hold).
Furthermore, the log portfolio owes its name to the fact that investors with
logarithmic utility have unit risktolerance ( ￿ = 1). In this case, equation
19 shows that the optimal portfolio reduces to w￿ = wlog, the log portfolio.
24The reader should not confuse this dimension with the dimensionality of our model,
which also is 9 (H￿+1 is a 9 × 9 matrix). The reason why the model dimensionality is
9 is that we price (include) the World market portfolio as the 9￿￿ risky asset (since it
is a pricing factor), in addition to the 8 individual risky assets. This does not mean
that the World market portfolio is, in itself, an investable risky asset class available to
the investor. Rather, it is the outcome of the combined stock and bond holdings of all
national investors. As for the optimal portfolio w￿, whose dimensionality is also 9, the 9th
asset is the riskless asset of the reference currency, or EuroUSD deposits in our analysis.
25A change of reference currency would only aﬀect the order in which the weights of the
currency deposits appear in the log portfolio weight vector wlog. The reason is that the
last element in this vector is by convention the riskless currency deposit in the reference
currency. Hence, changing the reference currency only involves ﬂipping the order of the
currency deposits, not altering their weights. Note, however, that this is only the case
if one insists on the convention that the last ((N+1)￿￿) asset is the riskless asset in the
reference currency.
56The hedge portfolio w￿
￿￿￿ is in its conditional form given by the following















, ￿ = 1￿￿￿￿￿￿+1 (22)
where ω￿
￿ is an ￿ × 1 vector of conditional covariances between the risky
asset returns and the local (country ￿) inﬂation rate measured in the reference
currency, as given by the dynamics of the local price index (expressed in the
reference currency). This makes the hedge portfolio country speciﬁc (i.e.
nationality, or home currency speciﬁc); the ￿ +1representative investors
with diﬀerent home currencies will hold ￿ +1diﬀerent hedge portfolios.
Again the (￿ +1 ) ￿￿ element of the vector is the residual weight of the
nominally riskless asset of the reference currency. The nominal return on the
hedge portfolio has the highest possible covariance with inﬂation in country
￿, measured in the reference currency. The hedge portfolio thus constitutes
the best hedge against domestic inﬂation for the country ￿ investor, hence
the name "hedge" portfolio. It is, in fact, his real-term minimum-variance
portfolio. The weights of the hedge portfolio are independent of the choice
of reference currency, like the log portfolio weights.
If local inﬂation rates, measured in local currency, are zero or determinis-
tic (non-stochastic), or if investors perceive them to be so or ignore them, it
can be shown that the hedge portfolio simpliﬁes to the locally riskless asset
of the country ￿ investor (Solnik1974; Sercu 1980; Adler and Dumas 1983).
It is a reasonable assumption as long as the volatility of local inﬂation rates
is small compared to that of exchange rates, which is typically the case in
developed economies. This assumption, often referred to as "Solnik’s special
case", since Solnik(1974) assumes zero inﬂation, has been made throughout
our analysis, as it leads to the pricing equation 6. In this case the nominally
riskless assets become riskless in real terms. More speciﬁcally, the elements
of the vector ω￿
￿, which are the covariances between the nominally risky as-
set returns and the local inﬂation rates measured in the reference currency,
are reduced to the covariances between the same risky asset returns and the
exchange rates with the reference currency.
In Solnik’s "special case", therefore, all investors invest a part (￿￿)o f
their wealth in the log portfolio, consisting of stocks and bonds, specula-
tive currency deposits, and the locally riskless asset, while they invest the
remainder (1 − ￿￿) in the locally riskless asset. This has testable implica-
tions. Since the log portfolio is universally held, the stockand bond part of
57it must constitute the World market portfolio as we have deﬁned it, which
has observable weights.
We have calculated the conditional log portfolio in-sample and out-of-
sample in order to test to what extent the relative weights of the stocks
and bonds in the log portfolio agree with the observed weights of the World
market portfolio of stocks and bonds. In-sample the conditional log port-
folio is readily computed once the conditional covariance matrix H￿+1 and
expected excess returns ￿(R￿+1|Ψ￿) have been estimated. Out-of-sample
these quantities are weekly forecasts, based on weekly new information (re-
alized returns) and the model parameters determined in-sample.
We here present the universal conditional relative weights of US, Japanese
and European stocks and bonds, calculated from the conditional log portfo-
lio. The conditional relative weights of these six assets are given by wlog￿￿[￿]
￿
￿
￿wlog￿￿[￿], ￿ = 1￿￿￿￿￿6, where wlog￿￿[￿] is the weight of asset ￿ in the esti-
mated conditional log portfolio. It turns out that the distributions of these
conditional relative weights are virtually indistinguishable among the four
speciﬁcations of international CAPM that we have presented above. For
this reason we choose to show the distributions for only one of the model
speciﬁcations, and we arbitrarily choose the distributions of the third model
speciﬁcation, i.e. the model with time varying price of market risk through
an exogenous instrument (∆DY￿, i.e. change in World dividend yield) and
level shift, and level shift in the prices of currency risk. For each of the
six assets we also show their true (observed) time varying weights, as given
by the market capitalizations of the US, Japanese and European stockand
government bond markets: w￿￿￿￿￿￿[￿]=MCV￿[￿] ￿
￿
￿MCV￿[￿], ￿ =1 ￿￿￿￿￿6,
where MCV￿ is the 6 × 1 vector of market capitalizations in USD of the
six assets at time ￿. The results are shown in Figure 10, where the distribu-
tions of the true weights are marked with a thin black line. The agreement
is remarkably good for US and Japanese stocks and reasonably good for
European stocks. In the bond markets the model weights are seen to be
more volatile than the true weights, but the overall levels and trends agree
with the observed data. Out-of-sample the agreement appears to be neither
better nor worse than in-sample. Since the four model speciﬁcations yield
almost identical results, none of them stand out as the best26. These are
26One way to quantify the best ﬁt among the four diﬀerent model speciﬁcations is
to calculate, for each of them, the sum of squared deviation (between true weight and
model weight) per asset and sum up these sums over the six assets. This gives us a
Sum-of-Squared-Errors (SSE) measure for each of the model speciﬁcations, in-sample
and out-of-sample. We ﬁnd that the SSEs of the four model speciﬁcations diﬀer by less
than 1%. Still, the model speciﬁcation with the smallest (best) SSE in-sample is found to
be the one with constant prices of market and currency risk. Out-of-sample the smallest
58interesting results. Recall that the observed weights of the individual stock
and bond markets were never used in the analysis. The return on the World
market portfolio of stocks and bonds was calculated using the returns and
weights of World stockand bond mark ets, not individual mark ets (Se ction
3.1.1).
However, we are nevertheless witnessing here a well-known and serious
problem with international CAPM: the universality of the log portfolio im-
plies, under Solnik’s "special case", that all investors hold the World market
portfolio. In reality, there is generally a bias towards domestic assets ("home
bias"). The mismatch is in fact large. Take for example a US investor in
January 2000. According to international CAPM he invested around 52% of
his stock market wealth in US stocks, and the remainder (48%) in Japanese
and European stocks (Figure 10). According to data from Federal Reserve
Board (2001), however, foreign stocks in reality accounted for only 10% of
US investors’ stockmark et wealth in 2000 27. Similar signiﬁcant home bias
is found in government bond markets. For instance, fully 95% of the huge
Japanese government bond (JGB) market was owned by Japanese investors
at the end of 2000, according to Financial Times (2002). For this to be
consistent with international CAPM in Solnik’s special case, the wealth of
Japanese investors would have to be vastly bigger than that of US and Eu-
ropean investors, and/or the Japanese risktolerance would have to be much
higher. But then, Japanese investors should have been majority owners of
other risky asset markets as well, such as US stocks. In short, international
CAPM does not explain home bias. The home bias in bond markets, for
instance, may partly be related to institutional investors holding long gov-
ernment bonds for regulatory and asset liability management reasons, an
investor segment which is unaccounted for in international CAPM.
To summarize, the conditional international CAPM captures the ob-
served World market portfolio weights, in terms of levels and trends, but
not the national portfolio weights, which, when wealth-weighted, sum up to
the World market portfolio weights. Hence, the approximate agreement is at
the aggregate World market portfolio level, and not at the national market
portfolio level. The results suggest that the World (i.e. US, European and
Japanese) market portfolio of stocks and government bonds is not too far
SSE is obtained with the third model speciﬁcation (time varying price of market risk
through an exogenous instrument and level shift, and level shift in the prices of currency
risk).
27In the early 1990s, the home bias seems to have been even stronger. The fraction of
stock market wealth invested in domestic stocks exceeded 90% in USA and Japan, and
80% in UK and Germany, according to French and Poterba (1991) and Tesar and Werner
(1995).
59from being optimal in the international CAPM sense. However, the country
speciﬁc portfolios, to the extent that they are observable, are far from opti-
mal because of the home bias. Intriguingly, non-optimal national portfolios
sum up to a near-optimal global portfolio.
One way to create strong home bias within international CAPM could
possibly be to assume stochastic inﬂation rates with very diﬀerent inﬂation
volatilities among countries. Solnik’s special case would then no longer be
valid, and the country speciﬁc hedge portfolios would include risky assets
in diﬀerent proportions. However, it is hard to imagine how plausible (low)
inﬂation volatilities could come anywhere near explaining the observed home
biases in developed markets. Indeed, Cooper and Kaplanis (1994) ﬁnd that
hedging against inﬂation riskcannot explain the home bias. For a more
thorough discussion of the home bias problem in international asset pricing,
see Lewis (1999), and Karolyi and Stulz (2001), who point out that perfect
ﬁnancial market models with mean-variance optimizing investors are unable
to explain the home bias.
We now turn to the weights of speculative currency holdings in the uni-
versal log portfolio. Figure 11 shows the weights of EuroYen, EuroECUB
and EuroUSD deposits in the universal log portfolio, again for the model
with time varying price of market risk through an exogenous instrument
and level shift, and level shift in the prices of currency risk. We also show
the combined weight of stocks and bonds. One particularly notes that: i)
the weights of the risky currency positions are very large, but fairly stable,
before and after the level shift in the price of market risk. The combined
weight of the stocks and bonds, on the other hand, is very volatile. Since
the weight of the EuroUSD deposit, the riskless asset, is a residual, this
weight, too, is very volatile. This is easily understood: Since the price of
market risk is time varying and quite volatile (see Figure 5), its inverse, the
world average risktolerance, is time varying and volatile as well. The com-
bined weight of stocks and bonds held by the world cannot ﬂuctuate wildly,
however, because the value of those assets evolve slowly with the returns,
as does World wealth. Since this combined weight is the product of the
World risktolerance and the combined weight of stock s and bonds in the
log portfolio, the latter must ﬂuctuate if the World risktolerance ﬂuctuates.
There is no such mechanism driving the currency deposit weights, however,
because their weights in the optimal portfolio are country speciﬁc (through
the hedge portfolio). ii) As the price of mark et risk(riskaversion) drops on
2 January 1998, our logarithmic investor immediately and radically alters
the currency weights, by ﬂipping the EuroYen positions from very short to
long, going much shorter in EuroECUB, and going from predominantly short
to predominantly long in the riskless asset (EuroUSD). These are aggressive
60reallocations, reﬂecting increased riskappetite. Moreo ver, the weight of the
log portfolio in the total optimal portfolio is equal to the risktolerance.
Hence, as the riskaversion drops on 2 January, the risktolerance jumps up
and the log portfolio gets a bigger weight. The eﬀect on the total portfolio of
internal switches within the log portfolio is thus magniﬁed. A key question,
then, is whether these large speculative currency bets are proﬁtable ex post.
One suspects that such a strategy can easily destroy value if the return and
covariance expectations, on which the reallocations are based, are prone to
signiﬁcant errors (not centered around zero and/or large standard deviation;
see speciﬁcation tests above). We will investigate that shortly.
We have just looked at the optimal portfolio of the logarithmic investor,
which is the log portfolio. We now proceed to investigate the optimal port-
folio of a national investor with World average risktolerance. Figure 12
shows the composition of the optimal portfolio w￿
￿ (equation 20) of a US
investor (￿ = +,-) whose risktolerance happens to be exactly equal to the
estimated world risktolerance (the inverse of the estimated price of mark et
risk). Again, to save space, we have chosen to present only the results from
the model with time varying price of market risk through an exogenous in-
strument and level shift, and level shift in the prices of currency risk. One
notices that our US investor is close to fully invested in US, Japanese and
European stocks and bonds, as the combined weight of these assets ﬂuctuate
within a very narrow band around 1.0 (mean value is 0.99 in-sample). In
addition, the investor has large and highly volatile currency positions, which
become bigger and even more volatile as riskaversion drops on 2 January
1998. More precisely, he is consistently shorting the risky foreign currency
positions (EuroYen and EuroECUB deposits), whose combined weight is on
average -0.89 before 2 January 1998 and -1.96 afterwards. At the same time
he is consistently long the riskless asset (EuroUSD deposit), with weight
averaging 0.90 before 2 January 1998 and 2.00 after. Notice that the net
currency position is close to zero. In other words, he is essentially borrow-
ing foreign currency and lending USD. He does this for both speculative and
hedging reasons.
This result does not apply to all national investors. While it turns out to
be qualitatively similar for the corresponding Japanese investor with World
average risktolerance (whose risk less asset is EuroYen d eposits), the Eu-
ropean investor is found to ﬂip his risky currency holdings (EuroUSD and
EuroYen) from short to long, and his riskless EuroECUB deposit from long
to short, as the price of market risk shifts level on 2 January 1998. The
reason is that the weight of the EuroECUB deposit in the log portfolio
becomes much more negative after 2 January 1998 (Figure 11). We ﬁnd
that the Japanese and European investors, too, are close to fully invested in
61stocks and bonds, and that they each have net currency positions close to
zero, but their currency positions (weights), which net out, are at diﬀerent
levels from those of the US investor28. The results are consistent with zero
net supply of currency deposits under certain national wealth conditions.
We will not pursue this question further here, partly because the national
riskaversion also enters the equation; above we have simply assumed that
all investors have World average riskaversion.
The other three model speciﬁcations yield mostly similar results. They
are brieﬂy summarized here:
The model with constant prices of riskproduces, not unexpectedly, very
stable currency weights, unlike those seen in Figure 12. In fact, they are as
stable as the combined stockand bond weight. Hence, it is the time varying
price of market risk which produces the volatility in currency weights. All
national investors (US, Japanese and European) are close to fully invested
in stocks and bonds. Moreover, they are all short risky foreign currency and
long the riskless home deposit. The currency positions of each national net
to zero (approximately).
The model with time varying price of market risk through an exogenous
instrument, and constant prices of currency risk, produces volatility in the
currency weights, but, in the absence of a level shift in the price of market
risk, the volatility and the weight levels are stable (i.e. they never change
sign). Again, the American, Japanese and European investors are close to
fully invested in stocks and bonds, and they are consistently short foreign
currency and long their local riskless asset. Again the national currency
positions net out.
Finally, the novel "semi-endogenous" model, with time varying price of
market risk through an endogenous information variable and level shift, and
level shift in the prices of currency risk, shows very similar behaviour to that
of the other level-shifting model, which we have just presented (Figures 10-
12). In particular, all investors are fully invested in stocks and bonds, and,
except for the European investor, they are consistently short foreign currency
and long the riskless home deposit. The European, however, ﬂips these
positions on 2 January 1998, as described above. The currency positions
become much larger after 2 January 1998. The national currency positions
once again net to zero.
28The Japanese investor has an average riskless asset weight of 0.32 before 2.1.1998 and
1.06 after, while his foreign currency weight averages -0.32 before 2.1.98 and -1.03 after.
Corresponding numbers for the European investor are: i) riskless: 0.58 before and -1.56
after; ii) foreign currency: -0.57 before and 1.59 after 2.1.98.
62A common feature of all the four model speciﬁcations is that the foreign
currency positions of the national investors are typically large. These large
positions constitute a very substantial speculative foreign currency overlay
to the international stockand bond portfolio. In the real world, there is no
evidence that the representative national investor pursues such an aggressive
overlay strategy, although we do not have data backing up this claim. Hence
one can argue that the large foreign currency overlays implied by these
models represent another mismatch between the model and the real world.
Notice that the largest foreign currency positions are implied by the models
with level shifting prices of risk, or, more precisely, by the models which
allow the price of market risk to drop to a low level. It is in the "semi-
endogenous" level shifting model that this price drops the most (to 4.76),
and it is also in this model that the currency positions are the biggest. Thus,
the smaller riskaversion, the bigger currency positions, as the bigger risk
appetite causes the investor to take bigger speculative currency bets.
In Figure 13 we show minus the ratio of the total weight of currency
deposits (EuroYen, EuroECUB and EuroUSD) to the total weight of stocks
and bonds in the universal log portfolio, for the model with time varying
price of market risk through an exogenous information variable and level
shift, and level shift in the prices of currency risk(we only show the result
for this model in order to economize with space). Under the assumption
that currency deposits are in zero net supply, simple arithmetic shows that
this ratio is equal to 1−
1
￿￿￿￿, or one minus the global average risktolerance
(where the global average risktolerance is the inverse of the wealth weighted
average of national riskaversions). Following a common deﬁnition of the
(national) hedge ratio (Glen and Jorion 1993), we can interpret our ratio
as the wealth weighted global average hedge ratio. It is not the universal
hedge ratio of Black(1989, 1990), which exists only under certain speciﬁc
assumptions about national risktolerances and wealth levels. Still, it might
be of interest to compare the two ratios. Figure 13 shows that our ratio
is highly time varying, due to the volatile risktolerance. Average values
are 0.90 before the level shift, and 0.73 after the level shift. According to
Black(1989, 1990), his universal currency hedge formula gives a universal
optimal currency hedge of the order of 0.7, based on historical (pre-1990)
data. Hence we ﬁnd that our wealth weighted global average hedge ratio is
close to Black’s universal hedge ratio, especially in the period after the level
shift29.
29For the other three model speciﬁcations, we ﬁnd the following ratios: i) 0.89 for
model with constant prices of risk; ii) 0.84 for model with time varying price of market
risk through an exogenous instrument; and iii) 0.94 and 0.60 before and after level shift,
respectively, for model with time varying price of market risk through an endogenous
instrument and level shift, and level shift in the prices of currency risk.
635.2 Out-of-sample portfolio performance
The above analysis has not revealed any "winner" among the four model
speciﬁcations, essentially because the model implications cannot be con-
fronted with much available data. The only comparison with data that we
have made (relative weights of stocks and bonds in the World market port-
folio) did not reveal any clear winner. We now try to clarify the issue of
"best" model speciﬁcation by running an out-of-sample race between them,
calculating the nominal (not excess) return and volatility of the log portfolio
(including the currency positions). As benchmarkwe use the portfolio of
US, Japanese and European stocks and bonds with their observed weights,
which we will refer to as the World market portfolio30. More precisely, we
use the out-of-sample conditional weights of the universal log portfolio to
calculate the realized nominal portfolio returns, and the corresponding re-
turn indices with initial value of 100, using the realized nominal stock, bond
and Eurocurrency deposit returns in the out-of-sample period of 36 weeks
(23 February to 26 October 2001). This is admittedly a small number of
observations, hence our results are subject to non-negligible statistical un-
certainty.
The resulting return indices are presented in Figure 14. The benchmark
return index for the World market portfolio of US, Japanese and European
stocks and bonds is also shown for comparison. The latter index falls in
value, reﬂecting the declining stock markets in all three regions in 2001,
as well as negative nominal returns on Japanese government bonds (mea-
sured in USD). Annualized continuously compounded nominal return on the
benchmarkWorld mark et portfolio in this period was -16.46%, with volatil-
ity of 17.67%. The key result, however, is that the return on the log portfolio
is dramatically lower for all model speciﬁcations. Over the 36-weekout-of-
sample period, it is in fact the model with constant prices of risk("Model
1") which has the highest, i.e. least negative, return (-335.25% annualized).
Next follows the model with time varying price of market risk through an
exogenous instrument and level shift and level shift in prices of currency risk
("Model 3"), with annualized return of -421.90%. Worst performing is the
model with time varying price of market risk through an exogenous instru-
ment and constant prices of currency risk("Model 2"), whose annualized
return is -636.28%. We do not report volatilities and Sharpe ratios here,
since it makes little sense ranking Sharpe ratios when the ex post returns
30This portfolio of US, Japanese and European stocks and government bonds, with
their observed weights, is strictly speaking a simpliﬁed version, or subset, of the World
market portfolio of stocks and government bonds which is our input, used as a pricing
factor in the analysis. The latter portfolio includes more national stock and government
bond markets than solely US, Japanese and European.
64are negative.
These results may seem surprising, given that we found a reasonable
agreement between the conditional relative weights of stocks and bonds in
the log portfolio, and the observed weights in the World market portfolio
(Figure 10). However, one must keep in mind that we then only looked at
the stockand bond part of the log portfolio, whereas now big speculative
currency positions are at play as well. We now checkwhether these positions
are responsible for the value destruction that we are witnessing in Figure
14. Figure 15 shows the out-of-sample return index for the stock and bond
part of the log portfolio, calculated by using the conditional relative weights
of the US, Japanese and European stocks and bonds in the log portfolio
(wlog￿￿[￿] ￿
￿
￿ wlog￿￿[￿], ￿ = 1￿￿￿￿￿6) and the realized returns on these assets.
The picture now looks very diﬀerent. While all models still do worse than
the World market portfolio, the underperformance is undramatic. Moreover,
the return indices of the four models essentially overlap, which means that
no model stands out as clearly the best. The annualized returns on the four
return indices span the tiny interval -19.42% (Model 1) to -19.36% (Model
4).
These results indicate that the currency positions are indeed involved
in destroying log portfolio value. However, it turns out that this is not
primarily related to poor forecasts of currency returns and (co)variances.
Instead, it reﬂects the fact that the weights of the log portfolio are generally
very large (see Figure 11), implying big bets not only on currencies, but also
on stocks and bonds. Any forecasting bias or inability to predict big shocks
(in particular market falls), in stock, bond or currency markets, can result
in big losses. However, when we only consider the stockand bond part of
the log portfolio, the relative weights of these six assets are much smaller,
and consequently the losses are much smaller as well.
The overlap of modelled return indices, seen in Figure 15, is striking,
given the diﬀerent underlying models for the prices of risk. It again shows,
just like Figure 10, that the relative weights of the stock and bond part of
the log portfolios are virtually identical for the four models. The four model
speciﬁcations nevertheless have very diﬀerent log portfolio weight distribu-
tions, both in magnitude and variability; some are stable (Model 1), while
others are highly volatile. Hence, the relative weights of stocks and govern-
ment bonds are not very sensitive to the model for prices of risk. The reason
is that the eﬀect of changes in prices of riskis mainly to shift funds into or
out of the riskless asset, and to a much lesser extent reallocate between the
risky assets. The riskless asset thus serves as a shock absorber, prevent-
ing massive, frequent and abrupt universal asset allocation changes (which
65would be incompatible with real world observations). The relative weights
of the risky currency deposits, however, do in fact depend on the model for
prices of risk, because these assets are pricing factors. For this reason, the
relative weights of the two risky currency deposits (EuroYen and EuroE-
CUB) are very similar within two distinct groups of model speciﬁcations:
models without (Model 1 and 2) and with (Model 3 and 4) level shifting
prices of risk. This split, and the diﬀerences in combined stock and bond
weights on one hand, and combined risky currency weights on the other
hand (which in sum produce diﬀerent weights of the riskless asset), together
generate the heterogeneity in overall log portfolio weights which lie behind
the diﬀerent return index performance revealed by Figure 14.
How good or bad, then, are our model speciﬁcations? Apart from the
hypothesis and speciﬁcation tests reported earlier, which showed a less-than-
perfect agreement between models and data, the log portfolio return indices
shown here provide extra information. A perfect model, or a model which
completely describes the true conditional asset allocation process, would re-
veal itself by a realized return index for the stock and bond part of the log
portfolio which exactly equals the true, realized World market (stockand
bond) portfolio return index. In other words, these two return indices should
overlap in Figure 15. They should not overlap in Figure 14, however, be-
cause, according to the model, all investors are exposed to currency holdings
as well as stocks and bonds through the log portfolio. Hence, their realized
return on the log portfolio should be diﬀerent from the World market (stock
and bond) portfolio return. Therefore, according to this analysis, none of
our four model speciﬁcations oﬀer an adequate description of the true condi-
tional asset allocation process. The mismatch between modelled conditional
asset weights and observed asset weights is indicative of a mismatch between
modelled and true expected excess returns and covariances, or, more fun-
damentally, between the hypothesized and true behaviour of investors (e.g.
are they really mean-variance optimizers?). Whatever the source of the mis-
match, the result is consistent with our earlier ﬁndings from the hypothesis
and speciﬁcation tests. No model clearly dominates the other in this port-
folio analysis; in fact, they cannot be ranked with any conﬁdence by their
out-of-sample performance.
From a practical asset management perspective, Figures 14 and 15 in-
dicate that none of the model speciﬁcations "beat the market". On the
contrary, they underperform the market, substantially if the full log port-
folio (including currency overlays) is held, and modestly if only the stock
and bond part of the log portfolio is held. Transaction costs related to hold-
ing a portfolio which deviates somewhat from the market portfolio (typical
deviations can be seen in Figure 10) will of course aggravate the under-
66performance. In short, our ﬁndings appear to favor a passive investment
strategy (buy & hold the market) over an active strategy based on inter-
national CAPM forecasts. One should keep in mind, however, that this
out-of-sample test is based on only 36 observations. To arrive to a ﬁrmer
conclusion, a longer period would be needed. Moreover, our out-of-sample is
a very bearish period, which clearly presents the model with particular chal-
lenges. While all three stockmark ets in reality fell signiﬁcantly, measured
in USD (annualized average realized excess returns were -27.7%, -32.8% and
-34.5%, respectively), the average predicted excess returns in all four model
speciﬁcations are positive and large. Thus the model is unable to forecast
the negative stockret urns in the out-of-sample period; in fact, almost all
weekly forecasts are positive. This is related to the fact that the conditional
market risk exposure of the stock markets turn out to be uniformly positive.
For the bond markets, the situation is not much better. While in reality
the US bond market rose (+7.1% excess annualized return), the Japanese
bond market fell (-10.8%) and the European bond market was roughly ﬂat
(+0.7% excess annualized return), measured in USD, the annualized aver-
age forecasted excess returns are diﬀerent: slightly negative for US bonds,
and positive for Japanese bonds (except for the model with constant prices
of risk). The forecasts for Europe are either weakly negative or weakly
positive, which is in reasonable agreement with the roughly ﬂat European
market. Given these diﬃculties with forecasting ﬁrst moments, the inability
to beat the market should come as no surprise.
We have also measured the out-of-sample log portfolio performance when
bonds are partially or completely excluded (see Section 4.3 for deﬁnitions).
Neither of these exclusions lead to major changes in log portfolio perfor-
mance for the four model speciﬁcations, when measured against the bench-
markmark et portfolio of US, Japanese and Eur opean stocks (which we for
convenience call the "World stockmark et portfolio"). Still, the annualized
returns are slightly higher than before, both for the full log portfolio (stocks
and currency overlays), and for the pure stockpart. For the l atter (the stock
part of log portfolio), the return is just slightly below the observed return on
the World stockmark et portfolio. In other w ords, the underperformance gap
seen in Figure 15 is to a large extent closed when excluding bonds, partially
or completely. This simply reﬂects the fact that the modelled conditional
asset weights are in better agreement with observed stockweights than with
observed bond weights (Figure 10).
676C o n c l u s i o n s
We have estimated a conditional version of the international CAPM of Adler
and Dumas (1983), using stockand government bond total return indices of
weekly frequency for the US, Japan and Europe covering the period 8 Jan-
uary 1993 to 16 February 2001 (in-sample period, 424 observations). In our
analysis local inﬂation rates are assumed to be zero or deterministic. There-
fore, mark et and exchange rate riskare the only priced riskfactors. The
reference currency being USD, the currency riskfactors are the covariances
between asset returns and USD/Yen and USD/European currency basket
("ECUB") exchange rates, respectively. Conditionality is obtained by spec-
ifying a multivariate GARCH(1,1) process of the diagonal BEKK type for
the covariance matrix, as well as competing models for the price of market
risk: constant and time varying, the latter constraining the price of market
riskto be positive by postulating an exponential or a max function. The
international CAPM is evaluated on the basis of residuals tests, and hy-
pothesis tests of the estimated prices of risk. Models with intercepts in the
pricing equations have not been evaluated for technical (numerical) reasons.
More speciﬁcally, four diﬀerent models for the price of market risk, or risk
aversion, have been tested. In Model 1, the prices of market and currency
riskare constant. In Model 2 the price of mark et riskis made time varying
through an exogenous instrument, taken to be the annualized weekly change
in the World dividend yield. In Model 3 the price of market risk is again
time varying through the same instrument, but in addition all prices of risk
are allowed to change level, through dummies, at a date (January 1998) sug-
gested by a simpliﬁed univariate conditional regime switching international
CAPM for the World market portfolio of stocks and bonds. In Model 4 an
attempt is made to endogenize the time varying price of market risk, using
information in the conditional covariance matrix. This model, too, allows
for a level shift in all prices of riskat the above mentioned date. Models 3
and 4 probe for trends or a structural shift in the riskprices that cannot
easily be captured by our information variables.
None of the four speciﬁcations for the prices of riskyield iid N(0,1) nor-
malized residuals across all assets. In particular, the Japanese stockmark et
shows a signiﬁcant negative shift away from zero in the normalized resid-
uals, suggesting mis-speciﬁcation or missing factors which could possibly
have been captured by an intercept. Moreover, some of the residuals can
be partly explained by sets of exogenous information variables, another sign
of missing factors. However, the GARCH speciﬁcation is seen to purge the
squared normalized residuals for most of their autocorrelation. Based on
these tests the models are essentially indistinguishable.
68Hypothesis tests of the estimated prices of riskturn out to be more
discriminating. A clear-cut result is that the price of market risk is time
varying. More precisely, in both Model 2 and Model 3 the change in World
dividend yield is a highly signiﬁcant explanatory variable for the price of
market risk (at least in the exponential form). This eﬀectively rules out
Model 1. However, there is insuﬃcient evidence for both Model 2 and 3,
insofar as we cannot reject at any conventional signiﬁcance level the null
hypothesis that the prices of market and currency risk are jointly equal to
zero (p-values are 0.2113 and 0.3098, respectively). It should be pointed out
that this is a strict, or prudent, interpretation of the Wald tests, since, when
tested alone, the price of market risk is signiﬁcant (Model 2) or, for Model 3,
signiﬁcant until January 1998 only ("period 1"). The latter result suggests
that the ability of international CAPM to explain international stockand
bond returns may vary with time. Model 3 captures a drop in the price of
market risk in January 1998, which is, however, signiﬁcant only at the 15%
level (the null hypothesis that the price of market risk does not change level
at this date has a p-value of 0.1539). Still, the result strongly indicates that
the generally bullish stockmark ets of 1998 to mid-2000 coincided with a
relatively low riskaversion.
In Model 4 the price of market risk is modelled as a linear max function
of the (gross) relative change of the conditional US stockmark et variance,
with level shifting constant term. Although this endogenous information
variable may seem ad hoc, Model 4 in fact performs best in terms of Wald
hypothesis tests. According to the Wald tests, we are now able to reject at
the 10% signiﬁcance level the null hypothesis that all prices of riskare jointly
equal to zero across the two periods (before and after January 1998). What
matters, however, is the signiﬁcance of the price of market risk, since there
is no restriction on the sign or size of the prices of currency risk. Testing the
null hypothesis that the price of market risk is zero, we reject the null at the
1% signiﬁcance level for period 1, but cannot reject it for the following period
(p-value is 0.2911). Consequently, we ﬁnd support (at the 10% signiﬁcance
level) for the international CAPM up until January 1998. In this period,
even Yen riskis priced at the 10% signiﬁcance level. This model corroborates
(at the 20% signiﬁcance level) the result of Model 3 showing that the price
of market risk dropped in January 1998. The coeﬃcient of the information
variable is positive, which means that a rise in conditional US variance causes
the global average riskaversion to increase. Intuitively this is not too far-
fetched a proposition. However, the endogenous information variable is only
signiﬁcant at the 12% level (the null hypothesis that the price of market risk
is constant has a p-value of 0.1175). We are therefore reluctant to conclude
that this endogenous market risk price model dominates the other exogenous
69models. Still the results are intriguing and promising.
The above inferences based on Wald tests are generally robust to the
exclusion of government bonds from the pricing equations. They are also
robust to the complete exclusion of government bonds, from both the pricing
equations and the World market portfolio. Of course, this does not imply
that the inclusion of government bonds in international CAPM is useless,
for several reasons. First, our results suggest that government bonds ﬁt
reasonably well into international CAPM. Second, by including bonds one
addresses Roll’s critique of CAPM estimation based solely on stock market
returns; by expanding the World market portfolio, inferences ought to be
better founded. Third, the precise values of the estimated parameters and
their standard errors are, not surprisingly, sensitive to the inclusion of bonds.
Since this sensitivity is only modest, however, we have not presented or
discussed in this paper how the values change when bonds are excluded.
Fourth, inclusion of bonds could potentially improve the Sharpe ratio of a
global portfolio which is dynamically optimized according to a conditional
international CAPM, a question which we have addressed (see below).
For each of the four riskprice speciﬁcations, we have computed the con-
ditional log portfolio, which is the universally held component of the con-
ditional optimal portfolio of national investors. If national inﬂation rates
are zero or non-stochastic, only the log portfolio contains stocks and govern-
ment bonds. Observed market capitalization weights of US, Japanese and
European stocks and government bonds can therefore be compared with
the weights given by international CAPM. The latter are calculated as the
relative weights of stocks and bonds in the stock and bond part of the con-
ditional log portfolio. When comparing the time evolution of these weights
with the observed market capitalization weights, we ﬁnd that the agreement
is remarkably good for US and Japanese stocks, and reasonably good for
European stocks. In the bond markets the model weights are seen to be
more volatile than the true weights, but the overall levels and trends agree
with the observed data. Still, international CAPM is clearly better at de-
scribing stockmark et weights. Out-of-sample (23 February to 26 October
2001), the agreement appears to be neither better nor worse than in-sample.
Since the four model speciﬁcations yield almost identical relative weights,
no particular speciﬁcation stands out as the best. It should be noted that
the reasonable agreement referred to here is at the aggregate World market
portfolio level, and not at the national market portfolio level; home bias is
of course not explained by international CAPM, and the disagreement with
data along this dimension is severe.
Using the out-of-sample conditional weights of the universal log portfolio,
70we have calculated, for each of the four riskprice speciﬁcations, the week ly
realized log portfolio returns, based on the realized stock, government bond
and Eurocurrency deposit returns in the 36-weekout-of-sample period 23
February to 26 October 2001. The returns (or the corresponding return
indices) are compared with the return on passively holding a portfolio of US,
Japanese and European stocks and government bonds with relative weights
given by the market (buy and hold the "World market portfolio"). This
comparison tests the possibility of beating the market through dynamic
portfolio optimization involving currency overlays. The realized log portfolio
return is found to be dramatically lower than the World market portfolio
return for all model speciﬁcations. The model with constant prices of risk
has the highest, or least negative return. The underperformance is almost
entirely caused by the large currency overlay positions, which imply big
bets not only on currencies, but also on stocks and bonds. This is seen by
calculating the realized out-of-sample return on the stockand bond part of
the log portfolio, or the return on a dynamically optimized portfolio without
currency overlays. While all four models still do worse than the World
market portfolio, the underperformance is now undramatic. Moreover, the
return indices of the four models essentially overlap, which means that no
model stands out as clearly the best.
These results indicate that none of the model speciﬁcations provide an
adequate description of the true process governing conditional asset alloca-
tion decisions in integrated capital markets, a failure which points to a mis-
match between modelled and true expected excess returns and covariances,
or, more fundamentally, between the hypothesized and true behaviour of
investors.
We have also measured the out-of-sample log portfolio performance when
government bonds are excluded from the pricing equations alone, and from
both the pricing equations and the World market portfolio. Neither of these
exclusions lead to major changes in log portfolio performance for the four
model speciﬁcations.
Our ﬁndings appear to favor a passive investment strategy (buy & hold
the World market) over an active strategy based on international CAPM
forecasts. Transaction costs related to holding a portfolio which deviates
from the market portfolio, not accounted for in our analysis, can only strengthen
this result. One should keep in mind, however, that this out-of-sample test
is based on only 36 observations. To arrive at a ﬁrmer conclusion, a longer
period would be needed. Moreover, our out-of-sample period is very bearish,
which clearly presents the model with particular challenges.
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78Table 1
Descriptive statistics and diagnostics tests of weekly excess USD returns (in %) of the
risky assets.










USstock Japstock Eurstock USbond Japbond
0.203 -0.057 0.179 0.035 0.024
-11.523 -9.849 -7.461 -2.225 -6.275
7.183 10.735 9.829 1.768 13.313
2.078 3.313 1.897 0.629 1.835
-0.372∗∗ 0.282∗∗ 0.132∗∗ -0.355∗∗ 1.271∗∗
5.806∗∗ 3.928∗∗ 5.010∗∗ 3.333∗∗ 9.961∗∗
148.848∗∗ 20.823∗∗ 72.572∗∗ 10.839∗∗ 970.257∗∗
(0.000) (0.000) (0.000) (0.004) (0.000)










Eurbond EuroYen EuroECUB WorldMP
-0.001 -0.058 -0.042 0.107
-4.114 -6.042 -3.430 -6.147
4.230 14.500 4.010 5.877
1.275 1.803 1.177 1.320
0.234∗∗ 1.522∗∗ 0.298∗∗ -0.040
3.328∗∗ 12.913∗∗ 3.658∗∗ 4.915∗∗
5.771 1899.757∗∗ 13.917∗∗ 64.904∗∗
(0.056) (0.000) (0.001) (0.000)
-8.330∗∗ -8.012∗∗ -8.782∗∗ -9.226∗∗
∗∗ denotes 1% signiﬁcance level.
The signiﬁcance level for skewness and kurtosis is based on test statistics developed
by D’Agostino, Belanger and D’Agostino (1990) (for kurtosis it is the signiﬁcance of
excess kurtosis that is measured). JB is the Jarque-Bera test statistics for normality,
which is asymptotically distributed as ￿2
￿ with m = 2 degrees of freedom (H0: normal
distribution). DF is the augmented Dickey-Fuller stationarity test statistics, which has
5% and 1% MacKinnon critical values of -3.4224 and -3.9841, respectively (H0: unit root).
For the Jarque-Bera test, p-values for the null are shown in parenthesis. EuroECUB is the
composite European currency basket Eurodeposit, and WorldMP is the World market
portfolio.








USstock Japstock Eurstock USbond Japbond
-0.175∗∗ -0.140∗∗ -0.051 -0.144∗∗ -0.050
0.043 0.134∗∗ 0.018 0.116∗ 0.036
0.016 -0.018 0.016 0.001 -0.002
-0.081 0.055 -0.067 0.024 0.103∗
-0.008 0.072 0.021 -0.060 0.070
0.079 -0.026 0.031 0.019 -0.027








Eurbond EuroYen EuroECUB WorldMP
-0.007 -0.049 -0.025 -0.055
0.029 0.036 -0.021 0.026
-0.017 -0.012 -0.053 0.035
0.010 0.048 0.044 -0.044
0.091 0.093 0.074 0.008
-0.081 -0.017 -0.123∗ 0.032
24.463 31.081 37.750 34.830
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.
.￿ is the autocorrelation function at lag #.
L-B36 is the Ljung-Box test statistics which tests the null hypothesis that there is no
autocorrelation up to 36 lags (arbitrarily chosen number); it is asymptotically distributed
as ￿2
36. The critical values at 95% and 99% conﬁdence levels are 50.998 and 58.619,
respectively. EuroECUB is the composite European currency basket Eurodeposit, and
WorldMP is the World market portfolio.






USstock Japstock Eurstock USbond Japbond
1 0.149∗∗ 0.567∗∗ 0.203∗∗ -0.132∗∗
10 . 2 9 9 ∗∗ -0.041 0.493∗∗
1 0.092 0.072











Eurbond EuroYen EuroECUB WorldMP
-0.076 -0.114∗ -0.132∗∗ 0.830∗∗
0.083 0.545∗∗ 0.111∗ 0.526∗∗
0.345∗∗ 0.108∗ 0.266∗∗ 0.816∗∗
0.278∗∗ -0.098∗ 0.063 0.198∗∗
0.278∗∗ 0.925∗∗ 0.306∗∗ 0.189∗∗
1 0.250∗∗ 0.855∗∗ 0.230∗∗
1 0.319∗∗ 0.218∗∗
10 . 1 5 7 ∗∗
1
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.
EuroECUB is the composite European currency basket Eurodeposit, and WorldMP
is the World market portfolio.
81Panel 1D: Cross correlations of weekly excess returns between










Japstock Eurstock USbond Japbond
0.007 -0.015 -0.065 0.047
0.012 0.070 0.019 0.092
-0.063 -0.027 0.035 -0.045
0.100∗ 0.020 -0.045 0.143∗∗
0.149∗∗ 0.567∗∗ 0.203∗∗ -0.132∗∗
0.069 -0.026 -0.051 -0.011
0.026 0.013 0.014 0.086
-0.008 0.019 -0.031 0.015










Eurbond EuroYen EuroECUB WorldMP
0.008 0.075 0.065 -0.045
0.056 0.078 0.007 0.043
-0.002 -0.038 -0.006 0.003
0.040 0.138∗∗ 0.023 -0.072
-0.076 -0.114∗ -0.132∗∗ 0.830∗∗
0.001 0.011 -0.005 -0.094
-0.022 0.050 -0.011 0.039
0.028 0.030 0.025 0.019
-0.122∗ 0.011 -0.068 -0.078
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.
￿−￿ (￿+￿) is the correlation between the US stock return at time ￿ and the other
asset returns at time ￿ − ￿ (￿ + ￿)￿
EuroECUB is the composite European currency basket Eurodeposit, and WorldMP
is the World market portfolio.








USstock Japstock Eurstock USbond Japbond
0.171∗∗ 0.158∗∗ -0.038 0.128∗∗ 0.063
0.073 0.059 0.308∗∗ 0.027 0.013
0.135∗∗ 0.049 0.002 0.016 -0.019
0.078 0.021 0.003 0.167∗∗ 0.061
0.084 -0.024 0.131∗∗ 0.060 0.189∗∗
0.195∗∗ 0.040 -0.006 -0.009 -0.010








Eurbond EuroYen EuroECUB WorldMP
0.050 0.021 0.003 -0.007
0.099∗ 0.037 0.101∗ 0.083
0.087 -0.001 0.086 0.088
0.164∗∗ 0.023 0.007 0.016
0.038 0.153∗∗ -0.014 0.112∗
0.058 0.014 0.061 0.047
76.488∗∗ 41.416 63.276∗∗ 95.770∗∗
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.
.￿ is the autocorrelation function at lag #.
L-B36 is the Ljung-Box test statistics which tests the null hypothesis that there is
no autocorrelation in squared returns up to 36 lags (arbitrarily chosen number); it is
asymptotically distributed as ￿2
36. The critical values at 95% and 99% conﬁdence levels
are 50.998 and 58.619, respectively. EuroECUB is the composite European currency
basket Eurodeposit, and WorldMP is the World market portfolio.






USstock Japstock Eurstock USbond Japbond
1 0.002 0.411∗∗ 0.121∗ 0.018
1 0.058 0.119∗ 0.430∗∗












Eurbond EuroYen EuroECUB WorldMP
0.056 0.008 0.014 0.830∗∗
0.057 0.434∗∗ 0.098∗ 0.123∗
0.204∗∗ -0.010 0.091 0.728∗∗
0.074 0.321∗∗ -0.016 0.137∗∗
0.133∗∗ 0.947∗∗ 0.092 -0.005
1 0.108∗ 0.736∗∗ 0.121∗
1 0.062 -0.005
10 . 0 5 7
1
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.
EuroECUB is the composite European currency basket Eurodeposit, and WorldMP
is the World market portfolio.
84Panel 1G: Cross correlations of squared weekly excess returns between










Japstock Eurstock USbond Japbond
0.018 0.020 0.046 0.054
0.131∗∗ 0.092 -0.041 0.026
0.102∗ 0.169∗∗ 0.039 0.031
0.074 0.022 0.092 0.203∗∗
0.002 0.412∗∗ 0.121∗ 0.018
0.032 -0.031 0.024 0.079
0.049 0.024 0.063 0.038
-0.001 0.065 0.126∗∗ -0.023










Eurbond EuroYen EuroECUB WorldMP
-0.003 0.042 -0.081 0.038
-0.006 0.013 -0.032 0.129∗∗
0.039 0.014 0.026 0.055
0.063 0.223∗∗ 0.004 0.095
0.056 0.008 0.014 0.830∗∗
0.031 0.093 0.019 0.045
0.057 0.021 0.037 0.061
0.163∗∗ 0.002 0.053 0.099∗
0.057 0.044 0.018 0.052
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.
￿−￿ (￿+￿) is the correlation between the squared US stock return at time ￿ and the
other squared asset returns at time ￿ − ￿ (￿ + ￿)￿
EuroECUB is the composite European currency basket Eurodeposit, and WorldMP
is the World market portfolio.
85Table 2
Descriptive statistics and diagnostics tests of instruments for price of market risk.






EDY DY B2S USTP
-3.262 1.862 3.899 1.007
-6.383 1.199 2.738 -1.800
-0.433 2.631 7.011 3.539
1.271 0.390 0.837 1.225






∆EDY ∆DY ∆B2S ∆USTP ∆USRF
-0.008 -0.003 0.004 -0.009 0.005
-2.096 -0.141 -0.475 -1.955 -1.891
1.877 0.101 0.609 1.923 2.063
0.203 0.031 0.125 0.236 0.201
-11.118∗∗ -9.626∗∗ -7.976∗∗ -10.360∗∗ -10.727∗∗
∗∗ denotes 1% signiﬁcance level.
DF is the augmented Dickey-Fuller stationarity test statistics, which has 5% and 1%
MacKinnon critical values of -3.4223 and -3.9840, respectively (H0: unit root).
EDY is the World dividend yield in excess of the US riskfree 1-week rate (annualized).
DY is the annualized World dividend yield. B2S is a measure of the US default spread,
deﬁned here as the annualized yield spread between a (Moody’s) B2 rated US (junk)
bond and a 10-year US Treasury bond. USTP is a measure of the US term premium,
deﬁned as the annualized yield spread between a US Treasury 10-year bond and the US
riskfree 1-week rate (annualized). USRF is the US riskfree 1-week rate (annualized). ∆
is the ﬁrst diﬀerence operator, i.e. weekly change of the variable operated upon.








EDY DY B2S USTP
0.981∗∗ 0.990∗∗ 0.984∗∗ 0.975∗∗
0.971∗∗ 0.981∗∗ 0.962∗∗ 0.961∗∗
0.962∗∗ 0.971∗∗ 0.936∗∗ 0.945∗∗
0.953∗∗ 0.961∗∗ 0.910∗∗ 0.931∗∗
0.944∗∗ 0.953∗∗ 0.883∗∗ 0.917∗∗
0.934∗∗ 0.944∗∗ 0.853∗∗ 0.903∗∗








∆EDY ∆DY ∆B2S ∆USTP ∆USRF
-0.341∗∗ -0.050 0.249∗∗ -0.297∗∗ -0.349∗∗
-0.088 0.018 0.123∗ 0.035 -0.064
0.013 0.014 0.029 -0-032 -0.014
0.000 -0.047 -0.060 -0.015 0.032
0.063 -0.018 0.059 0.004 0.057
-0.022 0.048 0.000 0.019 -0.024
78.386∗∗ 44.758 66.835∗∗ 64.634∗∗ 85.906∗∗
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.
.￿ is the autocorrelation function at lag #.
L-B36 is the Ljung-Box test statistics which tests the null hypothesis that there is no
autocorrelation up to 36 lags (arbitrarily chosen number); it is asymptotically distributed
as ￿2
36. The critical values at 95% and 99% conﬁdence levels are 50.998 and 58.619,
respectively.
The acronyms of the variables are explained in Panel 2A.






EDY DY B2S USTP













∆EDY ∆DY ∆B2S ∆USTP ∆USRF
0.051 -0.034 -0.095 0.084 -0.057
-0.016 0.011 -0.044 -0.023 0.018
0.062 0.006 0.108∗ 0.018 -0.062
0.007 0.007 -0.096∗ 0.079 -0.006
1 0.153∗∗ -0.021 0.827∗∗ -0.988∗∗
1 0.025 0.113∗ 0.001
1- 0 . 1 7 5 ∗∗ 0.025
1- 0 . 8 1 9 ∗∗
1
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.
The acronyms of the variables are explained in Panel 2A.
88Table 3
QML parameter estimates for model with constant prices of risk.
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
a 0.2437 0.2771 0.2747 0.1685 0.2122 0.1971 0.1970 0.1509 0.2574
σ 0.0187 0.0226 0.0234 0.0357 0.0285 0.0229 0.0313 0.0230 0.0174
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
b 0.9590 0.9558 0.9525 0.9382 0.9569 0.9572 0.9593 0.9770 0.9575
σ 0.0061 0.0064 0.0059 0.0172 0.0084 0.0091 0.0109 0.0063 0.0053
￿￿ ￿￿￿ ￿ ￿￿￿￿￿
price 9.14 -2.14 -4.60
σ 5.03 4.23 4.99
Loglikelihood -11.5490
The index i=1,....,9 runs across the assets in the following order: US, Japanese, and
European stocks; US, Japanese and European bonds; EuroYen and EuroECUB deposits;
and the World market portfolio, where EuroECUB is the composite European currency
basket (ECUB) Eurodeposit. a (b) is the vector of estimated central values of the ARCH
(GARCH) parameters ￿￿ (￿￿), and price is the vector of estimated central values of the
prices of market risk (￿￿) and currency risk (￿￿￿ ￿, ￿￿￿￿￿). σ is the corresponding
vector of standard deviations of the estimates.
Table 4
Wald and Likelihood Ratio hypothesis tests for model with constant prices of risk.
Wald tests:
Null χ2
￿￿￿￿ W p −val Reject?
H0: ￿￿=0 3.8415 3.3007 0.0693 No
H0: ￿￿￿ ￿=0 3.8415 0.2565 0.6125 No
H0: ￿￿￿￿￿=0 3.8415 0.8503 0.3565 No
H0: ￿￿￿ ￿=￿￿￿￿￿=0 5.9915 1.4818 0.4767 No
H0: ￿￿=￿￿￿ ￿=￿￿￿￿￿=0 7.8147 3.4538 0.3268 No
LR test:
Null χ2
￿￿￿￿ LR p −val Reject?
H0: ￿￿=0 3.8415 5.7040 0.0169 Yes
ECUB is the European currency basket. ￿2
￿￿￿￿ is the 5% critical value for the Wald
(W) and Likelihood Ratio (LR) statistics, and is calculated as ￿2
(￿), where n is the number
of constraints.
89Figure 1
Expected weekly excess returns for model with constant prices of risk.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Components of expected weekly excess return for model with constant prices of risk.
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91Table 5
Speciﬁcation tests of estimated residuals for model with constant prices of risk.










USstock Japstock Eurstock USbond Japbond
0.017 -0.085 0.033 0.027 0.029
1.046 0.964 0.965 0.980 0.968
3.655∗∗ 4.055∗∗ 3.346∗∗ 3.244∗∗ 6.243∗∗
15.894∗∗ 19.609∗∗ 2.114 7.702∗ 247.284∗∗
60.826∗∗ 37.257 21.902 42.467 36.158








Eurbond EuroYen EuroECUB WorldMP
0.015 -0.015 -0.003 -0.007
0.985 0.982 1.003 0.984
3.119∗ 8.548∗∗ 3.399∗∗ 3.514∗∗
4.041 646.632∗∗ 7.317∗ 5.078
22.986 30.210 32.361 31.432
23.870 28.593 42.562 25.932
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively. Mean and Stdev (stan-
dard deviation) are in units of percent. ￿￿￿￿ are the normalized estimated residuals for
assets ￿ = 1￿￿￿￿9,g i v e nb y￿￿￿￿ = ￿￿￿￿￿
￿
￿￿￿￿￿,w h e r e￿￿￿￿￿ are the diagonal elements
of the estimated conditional covariance matrix H￿. Kurt is the kurtosis (not excess),
whereas the signiﬁcance test refers to excess kurtosis, using a test statistics developed
by D’Agostino, Belanger and D’Agostino (1990). JB is the Jarque-Bera test statistics
for normality, which is asymptotically distributed as ￿2
￿ with m = 2 degrees of freedom
(H0: normal distribution). L-B36 is the Ljung-Box test statistics which tests the null
hypothesis that there is no autocorrelation in normalized residuals (levels or squared)
up to 36 lags (arbitrarily chosen number); it is asymptotically distributed as ￿2
36.T h e
critical values at 95% and 99% conﬁdence levels are 50.998 and 58.619, respectively. Eu-
roECUB is the composite European currency basket Eurodeposit, and WorldMP is the
World market portfolio.
92Panel 5B: Wald hypothesis tests of regression coeﬃcients from regressions of sets
of information variables on the non-normalized residuals (H0: no explanatory power).






USstock Japstock Eurstock USbond Japbond
4.192 6.063 2.956 4.862 8.372∗
(0.241) (0.109) (0.399) (0.182) (0.039)
4.847 6.901 3.245 1.219 6.795
(0.183) (0.075) (0.355) (0.748) (0.079)
0.754 6.843∗ 1.937 1.100 4.335
(0.686) (0.033) (0.380) (0.577) (0.114)
0.430 6.065∗ 1.856 4.825 5.678
(0.807) (0.048) (0.395) (0.090) (0.058)
1.284 6.904∗ 2.426 1.076 4.460






Eurbond EuroYen EuroECUB WorldMP
1.931 8.363∗ 1.267 5.135
(0.587) (0.039) (0.737) (0.162)
3.329 7.151 1.761 6.610
(0.344) (0.067) (0.623) (0.085)
3.319 5.649 1.512 3.478
(0.190) (0.059) (0.470) (0.176)
1.936 6.698∗ 0.921 2.497
(0.380) (0.035) (0.631) (0.287)
3.323 5.729 1.328 4.427
(0.190) (0.057) (0.515) (0.109)
∗ denotes 5% signiﬁcance level. The ﬁve information sets contain, apart from a con-
stant term (￿0), the following variables (∆ denotes ﬁrst diﬀerence): Set 1) ∆(World
dividend yield), ∆(US term premium), and ∆(US default spread); Set 2) ∆(World div-
idend yield), ∆(US riskfree rate), and ∆(US default spread); Set 3) ∆(World dividend
y i e l di ne x c e s so fU Sr i s kf r e er a t e )a n d∆(US default spread); Set 4 ) ∆(US term pre-
mium) and ∆(US default spread); and Set 5) ∆(US riskfree rate) and ∆(US default
spread). For sets 1and 2, the null hypothesis is H0: ￿1 = ￿2 = ￿3 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(3), with 5% and 1% critical values of 7.815 and 11.345,
respectively. For sets 3, 4 and 5 the null hypothesis is H0: ￿1 = ￿2 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(2), with 5% and 1% critical values of 5.991 and 9.210,
respectively. EuroECUB is the composite European currency basket Eurodeposit, and
WorldMP is the World market portfolio.
93Table 6
QML parameter estimates for model with time varying price of market risk through an
exogenous instrument, and constant prices of currency risk.
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
a 0.2448 0.2790 0.2779 0.1743 0.2050 0.1992 0.1889 0.1540 0.2580
σ 0.0194 0.0227 0.0236 0.0381 0.0289 0.0231 0.0333 0.0249 0.0176
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
b 0.9589 0.9555 0.9515 0.9361 0.9592 0.9568 0.9617 0.9761 0.9574
σ 0.0065 0.0072 0.0068 0.0206 0.0082 0.0092 0.0097 0.0073 0.0057
￿0 ￿1 ￿￿￿ ￿ ￿￿￿￿￿
price 8.22 19.0946 -2.19 -4.56
σ 4.01 5.9096 4.17 5.26
Loglikelihood -11.5392
The index i=1,....,9 runs across the assets in the following order: US, Japanese, and
European stocks; US, Japanese and European bonds; EuroYen and EuroECUB deposits;
and the World market portfolio, where EuroECUB is the composite European currency
basket (ECUB) Eurodeposit. a (b) is the vector of estimated central values of the ARCH
(GARCH) parameters ￿￿ (￿￿), and price is the vector of estimated central values of the
coeﬃcients (￿0￿￿1) for the price of market risk (￿￿￿￿), and of the constant prices of
currency risk (￿￿￿ ￿ and ￿￿￿￿￿). σ is the corresponding vector of standard deviations
of the estimates. The equation for the price of market risk is: ￿￿￿￿= ￿0exp(￿1∆￿￿ ￿),
where ∆￿￿ ￿ is the weekly change of the annualized World dividend yield.
94Table 7
Wald and Likelihood Ratio hypothesis tests for model with time varying price of market
risk through an exogenous instrument, and constant prices of currency risk.
Wald tests:
Null χ2
￿￿￿￿ W p − val Reject?
H0: ￿0=0 3.8415 4.1890 0.0407 Yes
H0: ￿1=0 3.8415 10.4400 0.0012 Yes
H0: ￿￿￿ ￿=0 3.8415 0.2757 0.5995 No
H0: ￿￿￿￿￿=0 3.8415 0.7523 0.3858 No
H0: ￿￿￿ ￿=￿￿￿￿￿=0 5.9915 1.3053 0.5207 No
H0: ￿0=￿￿￿ ￿=￿￿￿￿￿=0 7.8147 4.5111 0.2113 No
LR test:
Null χ2
￿￿￿￿ LR p − val Reject?
H0: ￿0=0 3.8415 14.0760 0.0002 Yes
ECUB is the European currency basket. ￿2
￿￿￿￿ is the 5% critical value for the Wald
(W) and Likelihood Ratio (LR) statistics, and is calculated as ￿2
(￿), where n is the number
of constraints. The equation for the price of market risk is: ￿￿￿￿= ￿0exp(￿1∆￿￿ ￿),
where ∆￿￿ ￿ is the weekly change of the annualized World dividend yield.
Figure 3
Price of market risk for model with time varying price of market risk through an
exogenous instrument, and constant prices of currency risk.
Left ﬁgure shows weekly and average price. Right ﬁgure shows the 13-week (quarterly)
rolling average, the Hodrick-Prescott smoothed, and the average price.
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95Table 8
Speciﬁcation tests of estimated residuals for model with time varying price of market
risk through an exogenous instrument, and constant prices of currency risk.










USstock Japstock Eurstock USbond Japbond
0.006 -0.089 0.025 0.030 0.033
1.044 0.964 0.961 0.979 0.970
3.807∗∗ 4.049∗∗ 3.118∗∗ 3.184∗∗ 6.475∗∗
23.650∗∗ 19.480∗∗ 0.246 6.046∗ 277.646∗∗
50.175 32.567 18.612 42.959 36.465








Eurbond EuroYen EuroECUB WorldMP
0.019 -0.016 -0.003 -0.011
0.986 0.985 1.002 0.987
3.098∗ 8.868∗∗ 3.352∗∗ 3.673∗∗
3.949 736.431∗∗ 6.745∗ 3.340
22.825 30.712 33.080 27.292
23.431 25.336 42.576 29.174
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively. Mean and Stdev (stan-
dard deviation) are in units of percent. ￿￿￿￿ are the normalized estimated residuals for
assets ￿ = 1￿￿￿￿9,g i v e nb y￿￿￿￿ = ￿￿￿￿￿
￿
￿￿￿￿￿,w h e r e￿￿￿￿￿ are the diagonal elements
of the estimated conditional covariance matrix H￿. Kurt is the kurtosis (not excess),
whereas the signiﬁcance test refers to excess kurtosis, using a test statistics developed
by D’Agostino, Belanger and D’Agostino (1990). JB is the Jarque-Bera test statistics
for normality, which is asymptotically distributed as ￿2
￿ with m = 2 degrees of freedom
(H0: normal distribution). L-B36 is the Ljung-Box test statistics which tests the null
hypothesis that there is no autocorrelation in normalized residuals (levels or squared)
up to 36 lags (arbitrarily chosen number); it is asymptotically distributed as ￿2
36.T h e
critical values at 95% and 99% conﬁdence levels are 50.998 and 58.619, respectively. Eu-
roECUB is the composite European currency basket Eurodeposit, and WorldMP is the
World market portfolio.
96Panel 8B: Wald hypothesis tests of regression coeﬃcients from regressions of sets
of information variables on the non-normalized residuals (H0: no explanatory power).






USstock Japstock Eurstock USbond Japbond
0.226 7.275 2.917 4.786 7.226
(0.973) (0.064) (0.405) (0.188) (0.065)
1.285 8.934∗ 4.083 1.345 5.688
(0.733) (0.030) (0.253) (0.718) (0.128)
1.275 7.739∗ 3.380 1.339 4.218
(0.529) (0.021) (0.184) (0.512) (0.121)
0.226 5.630 1.959 4.797 5.583
(0.893) (0.060) (0.376) (0.091) (0.061)
1.284 6.641∗ 2.824 1.332 4.320






Eurbond EuroYen EuroECUB WorldMP
1.896 7.242 0.941 2.652
(0.594) (0.065) (0.815) (0.448)
3.437 6.078 1.447 5.153
(0.329) (0.108) (0.694) (0.161)
3.213 5.439 1.405 4.855
(0.201) (0.066) (0.495) (0.088)
1.788 6.506∗ 0.853 2.104
(0.409) (0.039) (0.653) (0.349)
3.391 5.499 1.315 4.357
(0.183) (0.064) (0.518) (0.113)
∗ denotes 5% signiﬁcance level. The ﬁve information sets contain, apart from a con-
stant term (￿0), the following variables (∆ denotes ﬁrst diﬀerence): Set 1) ∆(World
dividend yield), ∆(US term premium), and ∆(US default spread); Set 2) ∆(World div-
idend yield), ∆(US riskfree rate), and ∆(US default spread); Set 3) ∆(World dividend
y i e l di ne x c e s so fU Sr i s kf r e er a t e )a n d∆(US default spread); Set 4 ) ∆(US term pre-
mium) and ∆(US default spread); and Set 5) ∆(US riskfree rate) and ∆(US default
spread). For sets 1and 2, the null hypothesis is H0: ￿1 = ￿2 = ￿3 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(3), with 5% and 1% critical values of 7.815 and 11.345,
respectively. For sets 3, 4 and 5 the null hypothesis is H0: ￿1 = ￿2 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(2), with 5% and 1% critical values of 5.991 and 9.210,
respectively. EuroECUB is the composite European currency basket Eurodeposit, and
WorldMP is the World market portfolio.
97Table 9
QML parameter estimates for univariate international CAPM without currency risk and
with regime switching price of market risk.
Time variation in the (co)variance (with) of the World market portfolio is modelled by
means of a rolling window with exponential damping of past observations, instead of a
GARCH(1,1). Estimate and σ are the central values and standard errors of the
parameter estimates, respectively. The simpliﬁed models of international CAPM are
given by equations 11 and 15. The log likelihood function and the conditional normal
density are given by equations 12 and 13, while the Markov transition probabilities are
deﬁned by equation 14.






Estimate 10.57 1.44 0.9191 2.7800 0.9928 0.9909




￿￿￿￿ Wp − val Reject?
H0: ￿(1)=￿(2) 3.8415 2.4315 0.1189 No
H0: ￿=1 3.8415 0.8599 0.3538 No
H0: ￿=1 3.8415 0.4791 0.4888 No






Estimate 17.72 2.89 1.7168 7.3830 0.9881 0.9854




￿￿￿￿ Wp − val Reject?
H0: ￿(1)=￿(2) 3.8415 9.9674 0.0016 Yes
H0: ￿=1 3.8415 1.8264 0.1766 No
H0: ￿=1 3.8415 1.0608 0.3030 No
98Figure 4
Probability of being in a regime of high market risk price, and probability-weighted
price of market risk, estimated by a univariate international CAPM without currency
risk and with regime switching price of market risk, for the World market portfolio and
the US stock market, respectively.
Time variation in the (co)variance (with) of the World market portfolio is modelled by
means of a rolling window with exponential damping of past observations, instead of a
GARCH(1,1).
World market portfolio:






























































































































































































































































































































































































































































































































































































QML parameter estimates for model with time varying price of market risk through an
exogenous instrument and level shift, and level shift in prices of currency risk.
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
a 0.2461 0.2811 0.2787 0.1730 0.2079 0.1986 0.1890 0.1515 0.2589
σ 0.0184 0.0228 0.0239 0.0376 0.0330 0.0227 0.0338 0.0238 0.0170
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
b 0.9585 0.9549 0.9516 0.9354 0.9588 0.9568 0.9621 0.9768 0.9572














price 13.02 5.66 21.3804 -5.66 1.15 -3.18 -8.52
σ 6.04 4.12 6.2248 3.59 8.94 5.42 8.73
Loglikelihood -11.5346
The index i=1,....,9 runs across the assets in the following order: US, Japanese, and
European stocks; US, Japanese and European bonds; EuroYen and EuroECUB deposits;
and the World market portfolio, where EuroECUB is the composite European currency
basket (ECUB) Eurodeposit. a (b) is the vector of estimated central values of the ARCH





0 , ￿1) for the time varying and level shifting price of market risk
(￿￿￿￿), and of the level shifting prices of currency risk (￿
(￿)
￿￿ ￿ and ￿
(￿)
￿￿￿￿,j = 1, 2 ) .σ is
the corresponding vector of standard deviations of the estimates. The prices of market
and currency risk are given by equation 16.
100Table 11
Wald and Likelihood Ratio hypothesis tests for model with time varying price of market
risk through an exogenous instrument and level shift, and level shift in prices of
currency risk.
Wald tests: χ2




0 =0 3.8415 4.6530 0.0310 Yes
H0: ￿
(1)
￿￿ ￿=0 3.8415 2.4833 0.1151 No
H0: ￿
(1)
















0 =0 3.8415 1.8848 0.1698 No
H0: ￿
(2)
￿￿ ￿=0 3.8415 0.0167 0.8972 No
H0: ￿
(2)




















































￿￿￿￿=0 12.5916 7.1213 0.3098 No





0 3.8415 2.0332 0.1539 No














￿￿￿￿ 3.8415 0.3142 0.5751 No
LR test: χ2
￿￿￿￿ LR p − val Reject?
H0: ￿
(1)
0 =0 3.8415 10.3040 0.0013 Yes
ECUB is the European currency basket. ￿2
￿￿￿￿ is the 5% critical value for the Wald
(W) and Likelihood Ratio (LR) statistics, and is calculated as ￿2
(￿), where n is the number
o fc o n s t r a i n t s . T h ep r i c e so fm a r k e ta n dc u r r e n c yr i s ka r eg i v e nb ye q u a t i o n16 . T h e
time index ￿ runs across weekly in-sample observations (1-424).
101Figure 5
Price of market risk for model with time varying price of market risk through an
exogenous instrument and level shift, and level shift in prices of currency risk.
Left ﬁgure shows weekly and global average price. Right ﬁgure shows the 13-week
(quarterly) rolling average, the Hodrick-Prescott smoothed, and the average price before
and after the level shift.































































































































































































































































































13-week rolling average Hodrick-Prescott filtered Average
102Figure 6
Expected weekly excess returns for model with time varying price of market risk through
an exogenous instrument and level shift, and level shift in prices of currency risk

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Components of expected weekly excess return for model with time varying price of
market risk through an exogenous instrument and level shift, and level shift in prices of
currency risk
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104Table 12
Speciﬁcation tests of estimated residuals for model with time varying price of market
risk through an exogenous instrument and level shift, and level shift in prices of
currency risk










USstock Japstock Eurstock USbond Japbond
-0.004 -0.106 0.013 0.020 0.030
1.043 0.965 0.961 0.981 0.969
3.749∗∗ 4.033∗∗ 3.145∗∗ 3.194∗∗ 6.295∗∗
21.416∗∗ 18.909∗∗ 0.378 6.055∗ 252.357∗∗
49.080 31.557 19.969 42.610 36.466








Eurbond EuroYen EuroECUB WorldMP
0.017 -0.013 0.0001 -0.031
0.988 0.984 1.003 0.984
3.094 8.687∗∗ 3.391∗∗ 3.379∗∗
4.364 671.972∗∗ 7.493∗ 2.976
23.132 30.664 33.801 27.741
24.786 25.725 42.390 27.664
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.Mean and Stdev (stan-
dard deviation) are in units of percent. ￿￿￿￿ are the normalized estimated residuals for
assets ￿ = 1￿￿￿￿9,g i v e nb y￿￿￿￿ = ￿￿￿￿￿
￿
￿￿￿￿￿,w h e r e￿￿￿￿￿ are the diagonal elements
of the estimated conditional covariance matrix H￿.Kurt is the kurtosis (not excess),
whereas the signiﬁcance test refers to excess kurtosis, using a test statistics developed
by D’Agostino, Belanger and D’Agostino (1990).JB is the Jarque-Bera test statistics
for normality, which is asymptotically distributed as ￿2
￿ with m = 2 degrees of freedom
(H0: normal distribution).L-B 36 is the Ljung-Box test statistics which tests the null
hypothesis that there is no autocorrelation in normalized residuals (levels or squared)
up to 36 lags (arbitrarily chosen number); it is asymptotically distributed as ￿2
36.The
critical values at 95% and 99% conﬁdence levels are 50.998 and 58.619, respectively. Eu-
roECUB is the composite European currency basket Eurodeposit, and WorldMP is the
World market portfolio.
105Panel 12B: Wald hypothesis tests of regression coeﬃcients from regressions of sets
of information variables on the non-normalized residuals (H0: no explanatory power).






USstock Japstock Eurstock USbond Japbond
0.276 8.136∗ 3.126 4.799 7.186
(0.964) (0.043) (0.373) (0.187) (0.066)
1.244 9.558∗ 4.085 1.388 5.461
(0.742) (0.023) (0.252) (0.708) (0.141)
1.246 7.886∗ 3.100 1.381 4.226
(0.536) (0.019) (0.212) (0.501) (0.121)
0.270 5.956 1.861 4.758 5.793
(0.874) (0.051) (0.394) (0.093) (0.055)
1.230 6.631∗ 2.487 1.386 4.336






Eurbond EuroYen EuroECUB WorldMP
2.100 7.334 0.946 3.116
(0.552) (0.062) (0.814) (0.374)
3.754 5.985 1.517 5.377
(0.289) (0.112) (0.678) (0.146)
3.335 5.476 1.511 4.841
(0.189) (0.065) (0.470) (0.089)
1.851 6.739∗ 0.913 2.277
(0.396) (0.034) (0.634) (0.320)
3.602 5.542 1.456 4.236
(0.165) (0.063) (0.483) (0.120)
∗ denotes 5% signiﬁcance level.The ﬁve information sets contain, apart from a con-
stant term (￿0), the following variables (∆ denotes ﬁrst diﬀerence): Set 1) ∆(World
dividend yield), ∆(US term premium), and ∆(US default spread); Set 2) ∆(World div-
idend yield), ∆(US riskfree rate), and ∆(US default spread); Set 3) ∆(World dividend
y i e l di ne x c e s so fU Sr i s kf r e er a t e )a n d∆(US default spread); Set 4 ) ∆(US term pre-
mium) and ∆(US default spread); and Set 5) ∆(US riskfree rate) and ∆(US default
spread).For sets 1 and 2, the null hypothesis is H0: ￿1 = ￿2 = ￿3 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(3), with 5% and 1% critical values of 7.815 and 11.345,
respectively.For sets 3, 4 and 5 the null hypothesis is H0: ￿1 = ￿2 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(2), with 5% and 1% critical values of 5.991 and 9.210,
respectively.EuroECUB is the composite European currency basket Eurodeposit, and
WorldMP is the World market portfolio.
106Table 13
QML parameter estimates for model with time varying price of market risk through an
endogenous information variable and level shift, and level shift in prices of currency risk.
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
a 0.2443 0.2777 0.2738 0.1677 0.2135 0.1967 0.1969 0.1498 0.2573
σ 0.0184 0.0226 0.0223 0.0361 0.0293 0.0229 0.0310 0.0226 0.0169
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
b 0.9591 0.9560 0.9526 0.9383 0.9570 0.9575 0.9598 0.9774 0.9577














price -27.39 -39.14 43.57 -5.87 1.55 -3.71 -8.25
σ 28.15 26.64 27.83 3.56 5.67 6.09 10.22
Loglikelihood -11.5420
The index i=1,....,9 runs across the assets in the following order: US, Japanese, and
European stocks; US, Japanese and European bonds; EuroYen and EuroECUB deposits;
and the World market portfolio, where EuroECUB is the composite European currency
basket (ECUB) Eurodeposit. a (b) is the vector of estimated central values of the ARCH





0 , ￿1) for the time varying and level shifting price of market risk
(￿￿￿￿), and of the level shifting prices of currency risk (￿
(￿)
￿￿ ￿ and ￿
(￿)
￿￿￿￿,j = 1 , 2 ) .σ is
the corresponding vector of standard deviations of the estimates.The equations for the
prices of market and currency risk are given by equation 18.
107Table 14
Wald and Likelihood Ratio hypothesis tests for model with time varying price of market
risk through an endogenous information variable and level shift, and level shift in prices
of currency risk.
Wald tests: χ2




0 =￿1=0 5.9915 9.6668 0.0080 Yes
H0: ￿
(1)
￿￿ ￿=0 3.8415 2.7261 0.0987 No
H0: ￿
(1)
















0 =￿1=0 5.9915 2.4680 0.2911 No
H0: ￿
(2)
￿￿ ￿=0 3.8415 0.0743 0.7852 No
H0: ￿
(2)




















































￿￿￿￿=0 14.0671 12.3214 0.0905 No





0 3.8415 1.6617 0.1974 No














￿￿￿￿ 3.8415 0.2000 0.6547 No
LR test: χ2
￿￿￿￿ LR p − val Reject?
H0: ￿
(1)
0 =￿1=0 5.9915 9.9360 0.0070 Yes
ECUB is the European currency basket. ￿2
￿￿￿￿ is the 5% critical value for the Wald
(W) and Likelihood Ratio (LR) statistics, and is calculated as ￿2
(￿), where n is the number
o fc o n s t r a i n t s .T h ep r i c e so fm a r k e ta n dc u r r e n c yr i s ka r eg i v e nb ye q u a t i o n1 8 .T h e
time index ￿ runs across weekly in-sample observations (1-424).
108Figure 8
Price of market risk for model with time varying price of market risk through an
endogenous information variable and level shift, and level shift in prices of currency risk.
Left ﬁgure shows weekly and global average price.Right ﬁgure shows the 13-week
(quarterly) rolling average, the Hodrick-Prescott smoothed, and the average price before
and after the level shift.






























































































































































































































































































13-week rolling average Hodrick-Prescott filtered Average
Figure 9
Selected (US) expected weekly excess returns for model with time varying price of
market risk through an endogenous information variable and level shift, and level shift
in prices of currency risk





































































































































































































































































































Speciﬁcation tests of estimated residuals for model with time varying price of market
risk through an endogenous information variable and level shift, and level shift in prices
of currency risk.










USstock Japstock Eurstock USbond Japbond
0.006 -0.104 0.021 0.016 0.028
1.043 0.962 0.962 0.983 0.968
3.611∗∗ 4.032∗∗ 3.327∗∗ 3.232∗∗ 6.168∗∗
14.091∗∗ 18.793∗∗ 1.952 6.750∗ 237.280∗∗
58.573∗ 37.929 22.165 44.214 36.112








Eurbond EuroYen EuroECUB WorldMP
0.016 -0.014 0.001 -0.021
0.987 0.981 1.005 0.983
3.129∗∗ 8.415∗∗ 3.432∗∗ 3.510∗∗
4.794 616.715∗∗ 8.252∗ 4.637
22.866 30.318 33.049 32.674
25.223 27.964 42.472 25.573
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively.Mean and Stdev (stan-
dard deviation) are in units of percent. ￿￿￿￿ are the normalized estimated residuals for
assets ￿ = 1￿￿￿￿9,g i v e nb y￿￿￿￿ = ￿￿￿￿￿
￿
￿￿￿￿￿,w h e r e￿￿￿￿￿ are the diagonal elements
of the estimated conditional covariance matrix H￿.Kurt is the kurtosis (not excess),
whereas the signiﬁcance test refers to excess kurtosis, using a test statistics developed
by D’Agostino, Belanger and D’Agostino (1990).JB is the Jarque-Bera test statistics
for normality, which is asymptotically distributed as ￿2
￿ with m = 2 degrees of freedom
(H0: normal distribution).L-B 36 is the Ljung-Box test statistics which tests the null
hypothesis that there is no autocorrelation in normalized residuals (levels or squared)
up to 36 lags (arbitrarily chosen number); it is asymptotically distributed as ￿2
36.The
critical values at 95% and 99% conﬁdence levels are 50.998 and 58.619, respectively. Eu-
roECUB is the composite European currency basket Eurodeposit, and WorldMP is the
World market portfolio.
110Panel 15B: Wald hypothesis tests of regression coeﬃcients from regressions of sets
of information variables on the non-normalized residuals (H0: no explanatory power).






USstock Japstock Eurstock USbond Japbond
3.049 5.556 2.232 5.093 8.435∗
(0.384) (0.135) (0.526) (0.165) (0.038)
3.858 6.702 2.821 1.348 6.755
(0.277) (0.082) (0.420) (0.718) (0.080)
0.772 6.675∗ 1.865 1.212 4.100
(0.680) (0.035) (0.394) (0.545) (0.129)
0.303 5.568 1.468 5.046 5.539
(0.859) (0.062) (0.480) (0.080) (0.063)
1.242 6.685∗ 2.269 1.186 4.249






Eurbond EuroYen EuroECUB WorldMP
1.949 8.367∗ 1.339 3.799
(0.583) (0.039) (0.720) (0.284)
3.435 7.054 1.855 5.722
(0.329) (0.070) (0.603) (0.126)
3.434 5.409 1.595 3.437
(0.180) (0.067) (0.450) (0.179)
1.951 6.558∗ 0.979 1.974
(0.377) (0.038) (0.613) (0.373)
3.418 5.512 1.403 4.241
(0.181) (0.064) (0.496) (0.120)
∗ denotes 5% signiﬁcance level.The ﬁve information sets contain, apart from a con-
stant term (￿0), the following variables (∆ denotes ﬁrst diﬀerence): Set 1) ∆(World
dividend yield), ∆(US term premium), and ∆(US default spread); Set 2) ∆(World div-
idend yield), ∆(US riskfree rate), and ∆(US default spread); Set 3) ∆(World dividend
y i e l di ne x c e s so fU Sr i s kf r e er a t e )a n d∆(US default spread); Set 4 ) ∆(US term pre-
mium) and ∆(US default spread); and Set 5) ∆(US riskfree rate) and ∆(US default
spread).For sets 1 and 2, the null hypothesis is H0: ￿1 = ￿2 = ￿3 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(3), with 5% and 1% critical values of 7.815 and 11.345,
respectively.For sets 3, 4 and 5 the null hypothesis is H0: ￿1 = ￿2 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(2), with 5% and 1% critical values of 5.991 and 9.210,
respectively.EuroECUB is the composite European currency basket Eurodeposit, and
WorldMP is the World market portfolio.
111Figure 10
Relative weights of US, Japanese and European stocks and bonds, in-sample and
out-of-sample, calculated from the conditional universal log portfolio, compared with
true (observed) market capitalization weights.The results are from model with time
varying price of market risk through an exogenous instrument and level shift, and level
shift in prices of currency risk.
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112Figure 11
Weights of the currency deposits and combined weight of stocks and bonds in the
conditional universal log portfolio, in-sample and out-of-sample. Results are from model
with time varying price of market risk through an exogenous instrument and level shift,
and level shift in prices of currency risk.






































































































































































































































































































































































































































































































































































































































Weights of assets in the conditional optimal portfolio of a US investor with risk tolerance
exactly equal to the estimated World risk tolerance, in-sample and out-of-sample. The
results are from model with time varying price of market risk through an exogenous
instrument and level shift, and level shift in prices of currency risk.




























































































































































Stocks and bonds IN-SAMPLE Stocks and bonds OUT-OF-SAMPLE
EuroYen and EuroECUB IN-SAMPLE EuroYenand EuroECUB OUT-OF-SAMPLE
Riskless asset (USD) IN-SAMPLE Riskless asset (USD) OUT-OF-SAMPLE
Figure 13
Minus the combined weight of Eurocurrency deposits divided by the combined weight of
stocks and bonds in the conditional universal log portfolio, a measure of the wealth
weighted global average hedge ratio, in-sample and out-of-sample. The results are from
model with time varying price of market risk through an exogenous instrument and level
shift, and level shift in prices of currency risk.
Minus the ratio of the total weight of Eurocurrency deposits to
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114Figure 14
Out-of-sample nominal return indices for the conditional universal log portfolio of
stocks, bonds, and Eurocurrency deposits, and for the World market portfolio (WMP)
of stocks and bonds. Initial values are set to 100. The log portfolio is derived from four
diﬀerent model speciﬁcations: "Model 1": constant prices of risk; "Model 2": Time
varying price of market risk through an exogenous instrument, and constant prices of
currency risk; "Model 3": Time varying price of market risk through an exogenous
instrument and level shift, and level shift in prices of currency risk; and "Model 4":
Time varying price of market risk through an endogenous instrument and level shift,
and level shift in prices of currency risk.
Return indices for the log portfolio and the
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115Figure 15
Out-of-sample nominal return indices for the stock and bond part of the conditional
universal log portfolio, and for the World market portfolio (WMP) of stocks and bonds.
Initial values are set to 100. The log portfolio is derived from four diﬀerent model
speciﬁcations: "Model 1": constant prices of risk; "Model 2": Time varying price of
market risk through an exogenous instrument, and constant prices of currency risk;
"Model 3": Time varying price of market risk through an exogenous instrument and
level shift, and level shift in prices of currency risk; and "Model 4": Time varying price
of market risk through an endogenous instrument and level shift, and level shift in
prices of currency risk.
Return indices for the stock and bond part of the log
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